mm 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C07D 235/06, A61K 31/415, C07D 
401/06, 401/10, 401/12, 401/14, 405/04, 
413/04 



Al 



(11) International Publication Number: WO 98A7651 

(43) International Publication Date: 30 April 1998 (30.04.98) 



(21) International Application Number: PCT/DK97/00462 

(22) International Filing Date: 21 October 1997 (21.10.97) 



(30) Priority Data: 

1 157/96 



21 October 1996 (21.10.96) DK 



(71) Applicant (for alt designated States except US): NEU- 

ROSEARCH A/S [DK/DK]; Smedeland 26B, DK-2600 
Glostrup (DK). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): TEUBER, Lene [DK/DK]; 
NeuroSearch A/S, Smedeland 26 B, DK-2600 Glostrup 
(DK). WATJEN, Frank [DK/DK]; NeuroSearch A/S, 
Smedeland 26 B, DK-2600 Glostrup (DK). 

(74) Common Representative: NEUROSEARCH A/S; Smedeland 
26 B, DK-2600 Glostrup (DK). 



(81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA, CH, 
CN, CZ, DE, DK. EE, ES, FI, GB. GE, HU. IS, JP, KE, 
KG, KP, KR, KZ, LK, LR, LT, LU, LV, MD, MG, MN, 
MW, MX, NO, NZ. PL, FT, RO, RU, SD, SE, SG, SI, SK, 
TJ, TM, TT. UA, UG, US, UZ, VN, ARIPO patent (GH, 
KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, 
CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, 
ML, MR, NE, SN. TD, TG). 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: 1-PHENYI^-BENZIMIDAZOLE COMPOUNDS AND THEIR USE AS BAGA-a RECEPTOR MODULATORS 




(57) Abstract 

The present invention relates to novel benzimidazole compounds, represented by general formula (I) in which o is 0, I, 2, or 3; R 1 
represents an alkyl group, a phenyl group, or a monocyclic heterocyclic group, which groups may be substituted one or more times with 
substituents selected from alkyl, cycloalkyl, cycloalkyl-alkyl, alkoxy, halogen, trifluoromethyl, cyano, amino, and nitro; or R 1 represents 
a cyano group or a group of the formula -alkyl-C02R 2 , alkenyl-COaR 2 , -CO-R 2 -C0 2 (CH 2 )inR 2 , or -C(R 3 )-N-OR 2 , R» represents a 
group of formula -CO2-R 9 , or R 11 represents a group of general formula (II) in which n is 0, l t 2 or 3; or R 11 may represent a group of 
general formula (III), in which n is 0, 1,2, or 3; the novel compounds of the invention are useful in the treatment of central nervous system 
diseases and disorders, which are responsive to modulation of the GABA A receptor complex, such as for example anxiety, sleep disorders, 
anaestesia, memory disorders, and epilepsia or other convulsive disorders. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d' I voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/17651 PCT/DK97/00462 

1 

1-PHENYI^BENZIMIDAZOLE COMPOUNDS AND THEIR USE AS BAOA-a RECEPTOR MODULATORS 

TECHNICAL FIELD 

5 

The present invention relates to novel benzimidazole compounds, 
pharmaceutical compositions containing these compounds, methods of treating 
therewith, and to method of preparing such benzimidazole compounds. The novel 
compounds of the invention are useful in the treatment of central nervous system 
10 diseases and disorders, which are responsive to modulation of the GABA A receptor 
complex, such as for example anxiety, sleep disorders, anaestesia, memory disorders, 
and epilepsia or other convulsive disorders. 

15 BACKGROUND ART 

GABAa receptors for y-aminobutyric acid (GABA) are the most abundant 
inhibitory receptors in the mammalian brain. The GABAa receptors are structurally 
constituted as macromolecular heteropentameric assemblies (combinations of a, p, 

20 and y/8 protein subunits). Several subtypes of such GABA A receptors have been 
described by techniques of modern molecular biology. 

Each GABAa receptor complex comprises a chloride ion channel that 
controls chloride flux across the neuronal membrane, and multiple recognition sites for 
small modulatory molecules such as benzodiazepines, barbiturates, picrotoxin, and 

25 certain steroids. When GABA interacts with its receptor, the ion channel is opened, 
chloride influx is enhanced, the membrane is hyperpolarized and the cell becomes 
less responsive to excitatory stimuli. This GABA induced ion current can be regulated 
by diverse agents, including agents that interact with the benzodiazepine receptor or 
recognition site. 

30 Agents that bind or interact with the modulatory sites on the GABAa 

receptor complex, such as for example the benzodiazepine receptor, can have either 
enhancing effect on the action of GABA, i.e. a positive modulatory effect of the 
receptor (agonists, partial agonists), an attenuating effect on the action of GABA, i.e. 
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negative modulation of the receptor (inverse agonists, partial inverse agonists), or they 
can block the effect of both agonists and inverse agonists by competitive block 
(antagonists or ligands without intrinsic activity). 

Agonists generally produce muscle relaxant, hypnotic, sedative, anxiolytic, 
5 and/or anticonvulsant effects, while inverse agonists produce proconvulsant, anti- 
inebriant, and anxiogenic effects. Compounds with anxiolytic effects but without or with 
reduced muscle relaxant, hypnotic and sedative effects are characterised as partial 
agonists. Partial inverse agonists are considered to be useful as cognition enhancers. 

Numerous compounds belonging to different chemical series of compounds 

10 having affinity for the benzodiazepine receptors have been synthesized during the last 
three decades. However, although the benzodiazepine receptor sites are still 
considered as very attractive biological sites for interfering with the CNS to treat 
various disorders and diseases, then nearly all previously synthesized compounds 
acting at these receptor sites have failed during clinical development because of 

15 unacceptable side effects. 



SUMMARY OF THE INVENTION 

20 It is an object of the present invention to provide novel benzimidazole 

derivatives and pharmaceutical^ acceptable acid addition salts thereof, which are 
useful in the treatment of central nervous system disorders, diseases or ailments, 
which are responsive to the modulation of the GABA A receptor complex, and in 
particular the positive modulation of the GABA A receptor complex, and having a 

25 favorable pharmacodynamic and pharmacokinetic behavior. 

Accordingly, the invention provides a chemical compound represented by 
the general formula (I): 
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in which formula (I), 
o is 0, 1 , 2 or 3; 

R 1 represents an alkyl group, a phenyl group, or a monocyclic heterocyclic group, 
which groups may be substituted one or more times with substituents selected 
from alkyl, cycloalkyl, cycloalkyl-alkyl, alkoxy, halogen, trifluoromethyl, cyano, 
amino, and nitro; 

or R 1 represents a cyano group, or a group of the formula -alkyl-C0 2 R 2 , alkenyl- 
C0 2 R 2 , -CO-R 2 , -C0 2 (CH 2 ) m R 2 , or -C(R 3 )=N-OR 2 , in which formulas 
m is 0, 1, 2 or 3; 

R 2 and R 3 independently represents hydrogen, alkyl, alkenyl, alkynyl, 
phenyl, benzyl, a 5- or 6-membered heterocyclic group, which 5- or 6- 
membered heterocyclic group may optionally be substituted one or more 
times with substituents selected from alkyl, hydroxy, alkoxy, halogen, 
trifluoromethyl, cyano, amino, or nitro; 

or R 2 and R 3 may independently represent a group of the formula -(CH 2 ) q - 
NR 4 R 5 , -(CH 2 ) q -CON(R 4 R 5 ), -(CH^q-COzR 4 , or -alkyl-C0 2 R 4 , in which 
formulas 

R 4 and R 5 independently represent hydrogen or alkyl; and 
qis 0,1,2 or 3; 

R 11 represents a group of the general formula -C0 2 -R 9 , wherein 

R 9 represents hydrogen or alkyl, which alkyl may optionally be substituted 
with a 5- or 6-membered heterocyclic group, which 5- or 6-membered 
heterocyclic group may optionally be substituted one or more times with 
substituents selected from alkyl, hydroxy, alkoxy, halogen, trifluoromethyl, 
cyano, amino, or nitro; 
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or R 9 may be a 5- or 6-membered heterocyclic group, which 5- or 6- 
membered heterocyclic group may optionally be substituted one or more 
times with substituents selected from alkyl, hydroxy, alkoxy, halogen, 
trifluoromethyl, cyano, amino, or nitro; 

or R 9 represent a group of the general formula -alkyl-N(R 10 R 12 ), in which 
formula 

R 10 and R 12 independently represent hydrogen or alkyl; 
or R 11 represents a group of general formula (II): 

CH 2 ) n 
R' R" 

in which formula (II), 
n is 0, 1 , 2, or 3; 

R' and R" each independently represents hydrogen or alkyl; 
or R' and R" together with the N atom to which they are attached form a 5- 
to 7-membered heterocyclic ring, which heterocyclic ring may optionally 
comprise as a ring member, one oxygen atom, and/or one additional 
nitrogen atom, and/or a -CH=CH- chain; 

and in which formula the 5- to 7-membered heterocyclic ring formed by R' 
and R" may optionally be substituted one ore more times with a group of 
the formula -(CH 2 ) P X, wherein 
p is 0, 1 , 2 or 3; 

X represents hydrogen, hydroxy, alkyl or alkenyl, which alkyl and 
alkenyl may optionally be substituted one or more times with a group 
of the formula -C0 2 R 6 ; 

or X represents a group of the formula -CO-R 6 , -C0 2 -R 6 . -CON-R 6 R 7 , 
or -COO-R 6 -NR 7 R 8 , in which formulas 

R 6 , R 7 and R 8 independently represents hydrogen or alkyl; 
or R 11 may represent a group of the general formula (III): 
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(CH 2 )n 

R' R m 

in which formula (III), 
n is 0, 1, 2 or 3; 
R' is hydrogen or alkyl; 
5 FT' and R" M together with the atoms to which they are attached form a 5- to 

7-membered heterocyclic ring, which heterocyclic ring may optionally 
comprise as a ring member, one oxygen atom, and/or one additional 
nitrogen atom, and/or a -CH=CH- chain; 

and in which formula the 5- to 7-membered heterocyclic ring formed by R™ 
10 and R"" may optionally be substituted one ore more times with a group of 

the formula -(CH 2 ) P X, wherein 
p is 0, 1, 2 or 3; 

X represents hydrogen, hydroxy, alkyl or alkenyl, which alkyl and 
alkenyl may optionally be substituted one or more times with a group 
15 of the formula -C0 2 R 6 ; 

or X represents a group of the formula -CO-R 6 , -C0 2 -R 6 , -CON-R 6 R 7 , 
or -COO-R 6 -NR 7 R 8 , in which formulas 

R 6 , R 7 and R 8 independently represents hydrogen or alkyl; 
or a pharmaceutical^ acceptable salt thereof or an oxide thereof. 
20 In another aspect, the invention provides pharmaceutical compositions 

comprising the novel benzimidazole compounds of the invention. 

Still another object of the present invention is to provide novel methods of 
treatment using the novel benzimidazole compounds of the invention. 

A further object of the present invention is to provide a method of preparing 
25 the novel pharmaceutical compositions of the invention. 

Additional objects will be obvious from the following description, and others 
will be obvious to a person skilled in the art. 
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DETAILED DISCLOSURE OF THE INVENTION 



Benzimidazole Derivatives 

In its first aspect the invention provides novel benzimidazole derivatives. The 
5 chemical compounds of the invention may be characterized by the following general 
formula (I): 




10 in which formula (I), 
o is 0, 1 , 2 or 3; 



R 1 represents an alkyl group, a phenyl group, or a monocyclic heterocyclic group, 
15 which groups may be substituted one or more times with substituents selected 
from alkyl, cycloalkyl, cycloalkyl-alkyl, alkoxy, halogen, trifluoromethyl, cyano, 
amino, and nitro; 



or R 1 represents a cyano group, or a group of the formula -alkyl-C0 2 R 2 , alkenyl- 
20 C0 2 R 2 , -CO-R 2 , -C0 2 (CH 2 )mR 2 , or -C(R 3 )=N-OR 2 , in which formulas 
m is 0, 1 , 2 or 3; 

R 2 and R 3 independently represents hydrogen, alkyl, alkenyl, alkynyl, 
phenyl, benzyl, a 5- or 6-membered heterocyclic group, which 5- or 6- 
membered heterocyclic group may optionally be substituted one or more 
25 times with substituents selected from alkyl, hydroxy, alkoxy, halogen, 

trifluoromethyl, cyano, amino, or nitro; 
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or R 2 and R 3 may independently represent a group of the formula -(CH 2 ) q - 
NR 4 R 5 , -(CH 2 ) q -CON(R 4 R 5 ), -(CH 2 ) q -C0 2 R 4 , or -alkyl-C0 2 R 4 , in which 
formulas 

R 4 and R 5 independently represent hydrogen or alkyl; and 
q is 0,1,2 or 3; 

R 11 represents a group of the general formula -C0 2 -R 9 , wherein 

R 9 represents hydrogen or alkyl, which alkyl may optionally be substituted 
with a 5- or 6-membered heterocyclic group, which 5- or 6-membered 
heterocyclic group may optionally be substituted one or more times with 
substituents selected from alkyl, hydroxy, alkoxy, halogen, trifluoromethyl, 
cyano, amino, or nitro; 

or R 9 may be a 5- or 6-membered heterocyclic group, which 5- or 6- 
membered heterocyclic group may optionally be substituted one or more 
times with substituents selected from alkyl, hydroxy, alkoxy, halogen, 
trifluoromethyl, cyano, amino, or nitro; 

or R 9 represent a group of the general formula -alkyl-N(R 10 R 12 ), in which 
formula 

R 10 and R 12 independently represent hydrogen or alkyl; 
or R 11 represents a group of general formula (II): 



(CH 2 ) n 
I 

R' R" 

in which formula (II), 



n is 0, 1, 2, or 3; 

R' and R" each independently represents hydrogen or alkyl; 
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or FT and FT together with the N atom to which they are attached form a 5- 
to 7-membered heterocyclic ring, which heterocyclic ring may optionally 
comprise as a ring member, one oxygen atom, and/or one additional 
nitrogen atom, and/or a -CH=CH- chain; 

and in which formula the 5- to 7-membered heterocyclic ring formed by R' 
and R" may optionally be substituted one ore more times with a group of 
the formula -(CH 2 ) P X, wherein 
p is 0, 1 , 2 or 3; 

X represents hydrogen, hydroxy, alkyl or alkenyl, which alkyl and 
alkenyl may optionally be substituted one or more times with a group 
of the formula -C0 2 R 6 ; 

or X represents a group of the formula -CO-R 6 , -C0 2 -R 6 , -CON-R 6 R 7 , 
or-COO-R 6 -NR 7 R 8 , in which formulas 



in which formula (III), 

n is 0, 1, 2 or 3; 

R' is hydrogen or alkyl; 

R m and R"" together with the atoms to which they are attached form a 5- to 
7-membered heterocyclic ring, which heterocyclic ring may optionally 
comprise as a ring member, one oxygen atom, and/or one additional 
nitrogen atom, and/or a -CH=CH- chain; 



R 6 , R 7 and R 8 independently represents hydrogen or alkyl; 



or R 11 may represent a group of the general formula (III): 




(?H 2 ) n 
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and in which formula the 5- to 7-rnembered heterocyclic ring formed by R'" 
and R" M may optionally be substituted one ore more times with a group of 
the formula -(CH 2 ) P X, wherein 
p is 0, 1 , 2 or 3; 

X represents hydrogen, hydroxy, alkyl or alkenyl, which alkyl and 
alkenyl may optionally be substituted one or more times with a group 
of the formula -C0 2 R 6 ; 

or X represents a group of the formula -CO-R 6 , -C0 2 -R 6 , -CON-R 6 R 7 , 
or -COO-R 6 -NR 7 R 8 , in which formulas 

R 6 , R 7 and R 8 independently represents hydrogen or alkyl. 
In a preferred embodiment, the chemical compound of the invention is 
characterized by the general formula (I) in wherein o is 0; and 

R 1 represents a Ci- 4 -alkyl group, a cyano group, a phenyl group, a furanyl 
group, a tetrahydrofuranyl group, an isoxazolyl group, or an oxadiazolyl 
group; 

or R 1 represents a C^-alkenyl group substituted with C0 2 -Ci- 4 -alkyl; 

or R 1 represents a group of the formula -C0 2 R 2 , in which formula 

R 2 represents hydrogen, a d-4-alkyI group, or a -C 3 .5-cyclo-Ci. 4 -alkyl 
group, a benzyl group, a picolyl group, a pyrrolidyl group, a pyrrolidyl- 
methyl group, or a pyridyl group, which groups may be substituted with 
a Ci-3-alkyl group; 

or R 2 may represent a group of the formula -(CH 2 ) P -NR 4 R 5 , or -(CH 2 ) P 
-CO-NR 4 R 5 , in which formulas 
p is 0, 1, or 2; 

R 4 and R 5 each independently represents hydrogen or a Ci- 4 - 
alkyl group; 

or R 2 may represent a group of the formula -C(R 3 )=N-OR 4 , in which 
formula 

R 3 and R 4 each independently represents hydrogen or a Ci. 4 - 
alkyl group; 

or R 1 represents a group of the formula -C(R 3 )=N-OR 4 , in which formula 
R 3 represents hydrogen or a Ci- 4 -alkyl group; 
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and R 4 represents hydrogen, a Ci-4-alkyl group, or a Ci. 4 -alkyl-C0 2 -Ci. 
4-alkyl group. 

In a more preferred embodiment, the chemical compound of the invention is 
characterized by the general formula (I) in wherein o is 0; and 

R 1 is 3-furanyl, 3-tetrahydro-furanyl, 5-isoxazolyl, 3-cyclopropyM ,2,4- 
oxadiazol-5-yl, -CHNOH, -C(CH 3 )NOH, -C(CH 3 )NO-CH 3 , -C(CH 3 )NO-C 2 H s , - 
C(CH 3 )NO-isopropyl, -C(CH 3 )NO-f-butyl, -C(CH 3 )NO-CH 2 C0 2 CH 3 , - 
C(CH 3 )NO-CH 2 C0 2 C 2 H 5 , -CHNO-C(CH 3 ) 2 C0 2 CH 3l -C(CH 3 )NO- 

C(CH 3 ) 2 C0 2 CH 3) -C(CH 3 )NO-C(CH 3 ) 2 C0 2 C 2 H 5 , -C(CH 3 ) 2 C0 2 CH 3 , - 
C(CH 3 ) 2 C0 2 C 2 H 5 , -C0 2 CH 3 , -C0 2 C 2 H 5 , -C0 2 CH(CH 3 ) 2 , -C0 2 (CH 2 ) 2 N(CH 3 ) 2 , 
-C0 2 (CH 2 ) 2 N(C 2 H 5 ) 2l -C0 2 -CH 2 -cyclopropyl. (N.N-diethyl-carboxamido)- 
methyl, 3-picolyl, or 1-methyl-2-pyrrolidyl-methyl. 

In another preferred embodiment, the chemical compound of the invention 
is characterized by the general formula (I) in wherein o is 1 , 2 or 3; and 

R 1 represents a phenyl group, or a group of the formula -C0 2 R 4 , in which 
formula 

R 4 represents hydrogen or a Ci. 4 -alkyl group. 
In a more preferred embodiment, the chemical compound of the invention is 

characterized by the general formula (I) in wherein o is 1 , 2 or 3; and 

R 1 is -C0 2 CH 3 , -C0 2 C 2 H 5 , -C0 2 CH(CH 3 ) 2 , -C0 2 CH 2 -cyclopropyl, -CHNO- 
CH 3 , -CHNO-C 2 H 5 , -CHNO-Q3H7, -CHNO- isopropyl, -C(CH 3 )NO-CH 3 , - 
C(CH 3 )NO-C 2 H 5 , -C(CH 3 )NO-C 3 H 7 , -C(CH 3 )NO-isopropyl, -C(CH 3 )NO-C 4 H 9 , 
-C(CH 3 )NO-tert. butyl, -C0 2 CH 2 N(CH 3 ) 2 , -C0 2 CH 2 N(C 2 H 5 ) 2 , 2(dimethyl- 
amino)ethyl, (N,N-diethyl-carboxamido)-methyl, or 3-picolyl. 
In another preferred embodiment, the chemical compound of the invention 

is characterized by the general formula (I) in wherein 

R 11 represents a d-4-alkyl-oxycarbonyl group, an amino-Ci- 4 -alkyl- 
oxycarbonyl group, an N-Ci- 4 -alkyl-amino-Ci^-alkyl-oxycarbonyl group, an 
N.N-di-^^-alkyO-amino-Ci^-alkyl-oxycarbonyl group, a piperidinyl group, 
an oxycarbonyl-piperidinyl group, a pyrrolidinyl group, a pyrrolidinyl-Ci. 4 - 
alkyl group, a piperazinyl group, a morpholinyl group, a homopiperazinyl 
group, a pyridyl group, a tetrahydropyridyl group, a picolyl group, a 
oxycarbonyl-picolyl group, which groups may optionally be substituted one 
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or more times with substituents selected from d^-alkyl, Ci-4-alkyl-oxy, C1.4- 
alkyl-oxycarbonyl, Ci-4-alkyl-oxycarbonyl-Ci-4-alkyl, Ci^-alkenyl- 
oxycarbonyl-d-4-alkyl, d-4-alkenyl-(oxycarbonyl-d-4-alkyl) 2 , acetyl, 
hydroxy-Ci-4-alkyl. carboxamido, N-d-4-alkyl-carboxamido-d.4-alkyl, or 
N.N-di-d-4-alkyl-carboxamido-Ci^-alkyl. 

In a more preferred embodiment, the chemical compound of the invention is 
characterized by the general formula (I) in wherein 

R 11 is 1-piperidinyl, 1 -pyrrolidinyl, 4-methyl-1-piperazinyl, 1-methyl-3- 
piperidinyl, (1-methyl-4-piperidinyl)oxycarbonyl, (1-methyl-3- 

piperidinyl)oxycarbonyl, 2-picolyl-oxycarbonyl, 3-picolyl-oxycarbonyl, 4- 
morpholinyl, 1 -acetyl-4-piperazinyl, 4-(2-hydroxyethyl)piperazin-1-yl, (1- 
pyrrolidinyl)methyl, 4-methylhomopiperazin-1 -yl, 1-methyl-1 ,2,3,6- 
tetrahydropyrid-5-yl, 4-(N,N-diethyl-carboxamidomethyl)-piperazin-1 -yl, 4- 
(N,N-dimethyl-carboxamidomethyl)-piperazin-1 -yl, 4- 
(methoxycarbonylmethyl)-l -piperazinyl, 4-(ethoxycarbonylmethyl)-1 - 

piperazinyl, 4-(f-butoxycarbonylmethyl)-1 -piperazinyl, 4- 

(diethylcarboxamido-methyl)piperazin-l-yl, 4-(2,2-bis(ethoxycarbonyl)- 
ethenyl)piperazin-1 -yl, 4-(2-methoxycarbonyl-ethenyl)piperazin-1 -yl, 

methoxycarbonyl, ethoxycarbonyl, 2-amino-ethoxycarbonyl, 2-(N- 
methylamino)ethoxycarbonyl, or 2-(N,N-dimethylamino)ethoxycarbonyl. 
In a most preferred embodiment the chemical compound of the invention is 
5-Cyano-1-(3-(1-piperidyl)phenyl)benzimidazole (compound 3a); 
5-Cyano-1 -(3-(1 -pyrrolidinyl)phenyl)benzimidazole (compound 3a 2 ); 
5-Cyano-1-(3-(4-methyl-1-piperazinyl)phenyl)benzimidazole (compound 
3a 3 ); 

5-Cyano-1-(3-(1-methyl-3-piperidinyl)phenyl)benzimidazole 
(compound 3a0; 

5-Cyano-1-(3-(4-morfolinyl)phenyl benzimidazole (compound 3a 5 ); 
5-Formyl-1-(3-(1-piperidinyl)phenyl)benzimidazole oxime (compound 3b!); 
5-Formyl-1-(3-(1-pyrrolidinyl)phenyl)benzimidazole oxime (compound 3b 2 ): 
5-Formyl-1 -(3-(4-methyl-1 -piperazinyl)phenyl)benzimidazole oxime 
(compound 3b3); 
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5-Formyl-1 -(3-(1 -methyl-3-piperidinyl)phenyl)benzimidazole oxime 
(compound 3b 4 ); 

5-Formyl-1 -(3-(1 -piperidinyl)phenyl)benzimidazoie O-isopropyl oxime 
(compound 3c); 

5-Formyl-1-(3-(1-piperidinyl)phenyl)benzimidazole O-methyl oxime 
(compound 3d); 

5-Acetyl-1 -(3-(1 -acetylpiperazin-4-yl)phenyl)benzimidazole oxime 
(compound 3ei); 

5-Acetyl-1 -(3-(4-(2-hydroxyethyl)piperazin-1 -yl)phenylbenzimidazole oxime 
(compound 3e2); 

5-Acetyl-1 -(3-(4-(2-hydroxyethyl)piperazin-1 -yl)phenylbenzimidazole O-ethyl 
oxime (compound 3fi); 

5-Acetyl-1 -(3-(4-methylpiperazin-1 -yl)phenyl)benzimidazole O-ethyl oxime 
(compound 3f 2 ); 

5-Acetyl-1 -(3-(1 -pyrrolidinylmethyl)phenyl)benzimidazole O-ethyl oxime 
(compound 3f 3 ); 

5-Acetyl-1 -(3-(4-methylhomopiperazin-l-yl)benzimidazole O-ethyl oxime 
(compound 3f 4 ); 

5-Acetyl-1 -(3-(1 -pyrrolidinyl)phenyl)benzimidazole O-ethyl oxime 
(compound 3f 5 ); 

5-Acetyl-1-(3-(1-piperidinyl)phenyl)benzimidazole O-ethyl oxime (compound 
3f 6 ); 

5-Acetyl-1 -(3-(1 -methyl-3-piperidinyl)phenyl)benzimidazole O-ethyl oxime 
(compound 3f 7 ); 

5-Acetyl-1-(3-(1-methyl-1,2,3 l 6-tetrahydropyrid-5-yl)phenyl)benzimidazole 
O-ethyl oxime (compound 3f 8 ); 

5-Acetyl-1 -(3-(1 -methylpiperidin-3-yl)phenyl)benzimidazole O-isopropyl 
oxime (compound 3gi); 

5-Acetyl-1 -(3-(4-(2-hydroxyethyl)piperazin-1 -yl)phenyl)benzimidazole O- 
isopropyl oxime (compound 3g 2 ); 

5-Acetyl-1-(3-(4-acetylpiperazin-1-yl)phenyl)benzimidazole O-isopropyl 
oxime (compound 3g 3 ); 
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5-Acetyl-1-(3-(4-(2-hydroxyethyl)piperazin-1-yl)phenyl)benzimidazole O-t- 
butyl oxime (compound 3h); 

5-(3-Furanyl)-1-(3-(4-methylpiperazin-1-yl)phenyl)benzimidazole (compound 

311) ; 

5-(3-Furanyl)-1-(3-(1-methylpiperidin-3-yl)phenyl)benzimidazole (compound 

31 2 ) ; 

5-(3-Furanyl)-1-(3-(4-(2-hydroxyethyl)piperazin-1-yl)phenyl)benzimidazole 
(compound 3i 3 ); 

5-(3-Furanyl)-1 -(3-(4-(diethylcarboxamidomethyl)piperazin-1 - 
yl)phenyl)benzimidazole (compound 3i4>; 

5-Phenyl-1 -(3-(4-methylpiperazin-1 -yl)phenyl)benzimidazole (compound 
3ji): 

5-Phenyl-1-(3-(1-methylpiperidin-3-yl)phenyl)benzimidazole (compound 3j 2 ): 
5-(3-Cyclopropyl-1,2,4-oxadiazol-5-yl)-1-(3-(1-methylpiperidin-3-yl)phenyl)- 
benzimidazole (compound 3k); 

. 5-f-Butyl-1-(3-(1-methylpiperidin-3-yl)phenyl)benzimidazole (compound 31); 
5-(Ethoxycarbonyl)-1-(3-(1-methylpiperidin-3-yl)phenyl)benzimidazole 
(compound 4ai); 

5-(Ethoxycarbonyl)-1-(3-(4-methylpiperazin-1-yl)phenyl)benzimidazole 
(compound 4a2); 

5-(Ethoxycarbonyl)-1-(3-(4-(2-hydroxyethyl)piperazin-1- 
yl)phenyl)benzimidazole (compound 4a 3 ); 

5-(Ethoxycarbonyl)-1-(3-(1-acetylpiperazin-4-yl)phenyl)benzimidazole 
(compound 4a 4 ); 

5-(Ethoxycarbonyl)-1-(3-(4-(methoxycarbonylmethyl)piperazin-1-yl)phenyl)- 
benzimidazole (compound 4a 5 ); 

5-(Ethoxycarbonyl)-1-(3-(4-(ethoxycarbonylmethyl)piperazin-1-y!)phenyl)- 
benzimidazole (compound 4a 6 ); 

5-(2-(Ethoxycarbonyl)ethenyl)-1-(3-(1-piperidyl)phenyl)benzimidazole 
(compound 4bi); 

5-(2-(Ethoxycarbonyl)ethenyl)-1 -(3-(4-methylpiperazin-1 - 
yl)phenyl)benzimidazole (compound 4b 2 ); 
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5-(2-(Ethoxycarbonyl)ethenyl)-1-(3-(4-morfolinyl)phenyl)benzimidazole 
(compound 4b 3 ); 

5-(2-(Methoxycarbonyl)ethenyl)-1 -(3-(4-methylpiperazin-1 - 
yl)phenyl)benzimidazole (compound 4^); 

5-(2-(Methoxycarbonyl)ethenyl)-1-(3-(4-morfolinyl)phenyl)benzimidazole 
(compound 4c 2 ); 

5-(Methoxycarbonyl)-1-(3-(1-acetylpiperazin-3-yl)phenyl)benzimidazole 
(compound 4di); 

5-(Methoxycaroonyl)-1-(3-(4-methylpiperazin-1-yl)phenyl)benzimidazole 
(compound 4d 2 ); 

4- (Methoxycarbonyl)-1 -(3-(4-methoxycarbonylmethyl)piperazin-1 - 
yl)benzimidazole (compound 4d 3 ); 

5- (Methoxycarbonyl)-1-(3-(4-(diethylcarboxamidemethyl)piperazin-1- 
yl)phenyl)-benzimidazole (compound 4d 4 ); 

5-(Methoxycarbonyl)-1-(3-(4-morfolinyl)phenyl)benzimidazole (compound 
4d 5 ); 

5-(/-Propyloxycarbonyl)-1-(3-(1-piperidinyl)phenyl)benzimidazole (compound 
4e0; 

5-(APropyloxycarbonyl)-1-(3-(1-pyrrolidinyl)phenyl)benzimidazoie 
(compound 4e 2 ); 

5-(APropyloxycarbonyl)-1-(3-(4-methylpiperazin-1-yl)phenyl)benzimidazole 
(compound 4e 3 ); 

5-(APropyloxycarbonyl)-1-(3-(4-morfolinyl)phenyl)benzimidazole (compound 
4e 4 ); 

5-(Cyclopropylmethyloxycarbonyl)-1-(3-(1-methylpiperidin-3- 
yl)phenyl)benzimidazole (compound 4f); 

5-(Benzyloxycarbonyl)-1-(3-(1-methylpiperidin-3-yl)phenyl)benzimidazole 
(compound 4g); 

5-(3-Picolyloxycarbonyl)-1-(3-(1-methylpiperidin-3-yl)phenyl)benzimidazole 
(compound 4h); 

5-(2-((Dimethylamino)ethyl)oxycarbonyl)-1-(3-(1-acetylpiperazin-4- 
yl)phenyl)-benzimidazole (compound 4i); 
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5-((2-(Dimethylamino)ethyl)oxycarbonyl)-1-(3-(4- 

(ethoxycarbonylmethyl)piperazin-1-yl)phenyl)ben2imidazole (compound 4j); 
5-((N,N-Diethylcarboxamido)methyloxycarbonyl)-1-(3-(4- 
ethoxycarbonylmethyl)-piperazin-1-yl)phenyl)ben2imidazole (compound 
4M; 

5-((N,N-diethylcarboxamido)-methyloxycarbonyl)-1-(3-(1-acetylpiperazin-4- 
yl)phenyl)benzimidazole (compound 4k 2 ); 
5-(Methoxycarbonylmethyl)-1 -(3-(4-methylpiperazin-1 - 
yl)phenyl)benzimidazole (compound 4h); 
5-(Ethoxycarbonylmethyl)-1 -(3-(4-methylpiperazin-1 - 
yl)phenyl)benzimidazole (compound 4I 2 ); 

5-(Methoxycarbonyl)-1-(3-(4-morfolinyl)phenyl)benzimidazole (compound 
4I 3 ); 

5-(Ethoxycarbonyl)-1 -(3-(4-morfolinyl)phenyl)benzimidazole (compound 4I 4 ); 
5-((1-Methylpyrrolidin-2-yl)methoxycarbonyl)-1-(3-(4- 
(ethoxycarbonylmethyl)-piperazin-1-yl)phenyi)benzimidazole (compound 
4m); 

5-Acetyl-1-(3-(1-methyl-4-piperidyloxycarbonyl)phenyl)benzimidazole O- 
isopropyl oxime (compound 5a0; 

5-Acetyl-1-(3-(1-methyl-3-piperidyloxycarbonyl)phenyl)benzimidazole O-/- 
propyl oxime (compound 5a 2 ); 

5-Acetyl-1 -(3-(2-picolyloxycarbonyl)phenyl)benzimidazoIe O-Apropyl oxime 
(compound 5a 3 ); 

5-Acetyl-1 -(3-(1 -methylpiperidin-3-yl)phenyl)benzimidazole O- 

(ethoxycarbonyl-methyl) oxime (compound 5b0; 

5-Acetyl-1 -(3-(1 -methylpiperidin-3-yl)phenyl)benzimidazole O- 

(methoxycarbonylmethyl) oxime (compound 5b 2 ); 

5-Acetyl-1 -(3-(1 -methylpiperidin-3-yl)phenyl)benzimidazole O- 

(methoxycarbonyi-(dimethyl)methyl) oxime (compound 5b 3 ); 

5-AcetyM -(3-(4-(2-hydroxyethyl)piperazin-1 -yl)phenyl)benzimidazole O- 

(methoxy-carbonylmethyl) oxime (compound 5c0; 

5-Acetyl-1 -(3-(4-(2-hydroxyethyl)piperazin-1 -yl)phenyl)benzimidazol O- 

(ethoxy-carbonylmethyl) oxime (compound 5c 2 ); 
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5-Acetyl-1 -(3-(4-(2-hydroxyethyl)piperazin-1 -yl)phenyl)benzimidazole O- 
(ethoxy-carbonyl(dimethyl)methyl) oxime (compound 5c 3 ); 

5-Acetyl-1-(3-(4-(ethoxycarbonylmethyl)piperazin-1-yl)phenyl)benzimidazole 
oxime (compound 5di); 

5-Acetyl-1-(3-(4-(ethoxycarbonylmethyl)piperidin-1-yl)phenyl)benzimidazole 

0- ethyl oxime (compound 5d 2 ); 

5-Acetyl-1-(3-(1-acetylpiperazin-4-yl)phenyl)benzimidazole O- 
(methoxycarbonyl-(dimethyl)methyl) oxime (compound 5ei); 
5-Acetyl-1-(3-(1-acetylpiperazin-4-yl)phenyl)benzimidazole O- 
(methoxycarbonyl-methyl) oxime (compound 5e 2 ); 
5-Acetyl-1 -(3-(4-morfolinyl)phenyl)benzimidazole O- 
(methoxycarbonylmethyl) oxime (compound 5e 3 ); 
5-Acetyl-1-(3-(4-(methoxycarbonylmethyl)piperazin-1- 
yl)phenyl)benzimidazole O-Apropyl oxime (compound 5fi); 
5-acetyl-1 -(3-(4-(2,2-bis(ethoxycarbonyl)ethenyl)piperazin-1 - 
yl)phenyl)benzimidazole O-Apropyl oxime (compound 5f 2 ); 
5-Formyl-1 -(3-(4-methylpiperazin-1 -yl)phenyl)benzimidazole O- 
(methoxycarbonyl-(dimethyl)methyl) oxime (compound 5gi); 
5-Formyl- 1 -(3-(4-morfolinyl)phenyl)benzimidazole O- 
(methoxycarbonyl)dimethyl)-methyl) oxime (compound 5g 2 ); 

5-(5-lsoxazolyl)-1-(3-(methoxycarbonyl)phenyl)benzimidazole (compound 
6ai); 

5-(5-lsoxazolyl)-1-(3-ethoxycarbonyl)phenyl benzimidazole (compound 6a 2 ); 

1- (3-Ethoxycarbonyl)phenyl-5-phenylbenzimidazole (compound 6bi); 
5-Phenyl-1-(3-(4-ethoxycarbonylmethyl)piperazin-1-yl)phenyl)benzimidazole 
(compound 6b 2 ); 

5-Phenyl-1 -(3-(2-picolyloxycarbonyl)phenyl)benzimidazole (compound 6b 3 ); 
5-Phenyl-1 -(3-(3-picolyloxycarbonyl)phenyl)benzimidazote (compound 6b 4 ); 
5-Phenyl-1-(3-(1-methylpiperid-3-yloxycarbonyl)phenyl)benzimidazole 
(compound 6b 5 ); 

5-Phenyl-1-(3-((1-methylpiperid-4-yl)oxycarbonyl)phenyl)benzimidazole 
(compound 6b 6 ); 

5-(3-furanyl)-1 -(3-(ethoxycarbonyl)phenyl)benzimidazole (compound 6C1); 
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5-(3-Tetrahydrofuranyl)-1-(3-(ethoxycarbonyl)phenyl)benzimidazole 
(compound 6c 2 ); 

5-(3-Furanyl)-1-(3-(4-(ethoxycarbonylmethyl)piperazin-1- 
yl)phenyl)benzimidazole (compound 6c 3 ); 
5 5-(3-Furanyl)-1-(3-(4-(f-butoxycarbonyl)piperazin-1-yl)phenyl)benzimidazole 
(compound 6c 4 ); 

5-(3-Furanyl)-1-(3-(4-(methoxycarbonylmethyl)piperazin-1- 
yl)phenyl)benzimidazole (compound 6c 5 ); 

5-(3-Furanyl)-1-(3-(4-(2,2-bis(ethoxycarbonyl)ethenyl)piperazin-1-yl)phenyl)- 
10 benzimidazole (compound 6c 6 ); 

5-(3-Furanyl)-1-(3-(4-(2-(methoxycarbonyl)ethenyl)piperazin-1-yl)pheny!)- 

benzimidazole (compound 6c 7 ); 

5-(3-Furanyl)-1-(3-(2- 

(dimethylamino)ethyloxycarbonyl)phenyl)benzimidazole (compound 6c 8 ); 
15 S-Acetyl-l-tS^I-methyl-I^.S.e-tetrahydropyrid-S-ylJphenyn-benzimidazole 
(compound 7); or 

5-Acetyl-1-[3-(1-methylpiperidin-3-yl)phenyl]-benzimidazole (compound 9); 
or a pharmaceutical^ acceptable salt thereof, or an oxide thereof. 

20 Definition of Substituents 

In the context of this invention halogen represents fluorine, chlorine, 
bromine and iodine. 

In the context of this invention alkyl designates a straight chain or a 
branched chain containing of from one to eight carbon atoms (Ci-C 8 -alkyl), including 

25 but not limited to methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl, pentyl 
and hexyl, or a cyclic alkyl containing of from three to seven carbon atoms (C 3 -C 7 
cycloalkyl), including but not limited to cyclopropyl, cyclobutyi, cyclopentyl, and 
cyclohexyl. In a preferred embodiment of this invention alkyl represents a C r C 4 alkyl, 
preferably a C1.3- alkyl, most preferred methyl, ethyl, propyl, isopropyl ort-butyl. 

30 In the context of this invention alkenyl designates a group containing of 

from two to six carbon atoms (C 2 -C 6 alkenyl), including at least one double bond. The 
chain may be straight or branched. In a preferred embodiment, the alkenyl group is 
ethenyl, 1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl, or3-butenyl. 
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In the context of this invention alkynyl designates a group containing of 
from two to six carbon atoms (C 2 -C 6 alkynyl), including at least one triple bond. The 
chain may be straight or branched. In a preferred embodiment, the alkenyl group is 
ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, or 3-butynyl. 
5 in the context of this invention amino represents NH 2 , NH-aikyl, or N- 

(aikyl) 2 , wherein alkyl is as defined above. 

In the context of this invention cycloalkyl-alkyl designates a cycloalkyl as 
defined above which is attached to an alkyl as also defined above, e.g. 
cyclopropylmethyl. 

10 The alifatic cyclic rings formed by FT and FT or FT and FT includes but are 

not limited to piperidinyl, tetrahydropyridinyl, tetrahydropyrimidinyl, 
hexahydropyrimidinyl, pyrrolidinyl, homopiperazinyl, morpholinyl, isoxazolidinyl, 
oxazolindinyl, piperazinyl, perhydroazepinyl, and perhydrooxazepinyl. 

in the context of this invention aryl designates an aromatic hydrocarbon, 

15 such as phenyl or naphthyl. 

In the context of this invention a monocyclic heteroaryl designates a 5- or 
6-membered heterocyclic monocyclic group. Preferred monocyclic heteroaryl group 
includes oxazol-2-yl, oxazol-4-yl, oxazol-5-yl, isoxazol-3-yl, isoxazoi-4-yl, isoxazol-5- 
yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl, isothiazol-3-yI, isothiazol-4-yl, isothiazol-5-yl, 

20 1,2,4-oxadiazol-3-yl, 1,2,4-oxadiazol-5-yl, 1,2,4-thiadiazol-3-yl, 1 ,2,4-thiadiazol-5-yl. 
1 ,2,5-oxadiazol-3-yI, 1 ,2,5-oxadiazol-4-yl, 1,2,5-thiadiazol-3-yl, 1,2,5-thiadiazoI-4-yl, 
1-imidazolyl, 2-imidazolyl, 4-imidazolyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 2-furanyl, 3- 
furanyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5- 
pyrimidyl, 3-pyridazinyl, 4-pyridazinyl, 2-pyrazinyU-pyrazolyl, 3-pyrazolyl, and 4- 

25 pyrazolyl. 

In the context of this invention 5- or 6-membered ring containing at least 
one heteroatom includes but are not limited to furanyl, tetrahydrofuranyl .pyrrolyl, 
pyrrolidyl, imidazolyl, oxadiazolyl, pyridyl, thienyl, isooxazolyl, pyrimidyl, pyrazole, 

In the context of this invention a!kyl-oxy (alkoxy) designates an alkyl-O- 
30 where alkyl is as defined above. 

In the context of this invention alkyl-oxycarbonyl (alkoxycarbonyl) 
designates an alkyl-O-CO- where alkyl is as defined above. 
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Steric Isomers 

Some of the chemical compounds of the present invention exist in (+) and (- 
) forms as well as in racemic forms. 

Racemic forms can be resolved into the optical antipodes by known 
5 methods, for example, by separation of diastereomeric salts thereof, with an optically 
active acid, and liberating the optically active amine compound by treatment with a 
base. Another method for resolving racemates into the optical antipodes is based 
upon chromatography on an optical active matrix. Racemic compounds of the present 
invention can thus be resolved into their optical antipodes, e.g., by fractional 
10 crystallisation of d- or I- (tartrates, mandelates, or camphorsulphonate) salts for 
example. 

The chemical compounds of the present invention may also be resolved by 
the formation of diastereomeric amides by reaction of the chemical compounds of the 
present invention with an optically active activated carboxylic acid such as that derived 
15 from (+) or (-) phenylalanine, (+) or (-) phenylglycine, (+) or (-) camphanic acid or by 
the formation of diastereomeric carbamates by reaction of the chemical compound of 
the present invention with an optically active chloroformate or the like. 

Additional methods for the resolving the optical isomers are known in the 
art. Such methods include those described by Jaques J, Collet A, & Wilen S in 
20 " Enantiomers, Racemates, and Resolutions ". John Wiley and Sons, New York (1981). 

Moreover, being oximes, the chemical compounds of the invention may 
exist in two forms, syn- and anti-form (Z- and E-form), depending on the arrangement 
of the substituents around the -C=N- double bond. A chemical compound of the 
present invention may thus be the syn- or the anti-form (Z- and E-form), or it may be a 
25 mixture hereof. 

Pharmaceutical^ Acceptable Salts 

The novel benzimidazole derivatives of the invention may be provided in 
any form suitable for the intended administration. Suitable forms include 
30 pharmaceutical^ (i.e. physiologically) acceptable salts. 

Examples of pharmaceutical^ acceptable addition salts include inorganic 
and organic acid addition salts such as the hydrochloride, hydrobromide, phosphate, 
nitrate, perchlorate, sulphate, citrate, lactate, tartrate, maleate, fumarate, mandelate, 
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benzoate, ascorbate, cinnamate, benzenesulfonate, methanesulfonate, stearate, 
succinate, glutamate, glycollate, toluene-p-sulphonate, formate, malonate, 
naphthalene-2-sulphonate, salicylate and the acetate. Such salts are formed by 
procedures well known in the art. 

Other acids such as oxalic acid, while not in themselves pharmaceutical^ 
acceptable, may be useful in the preparation of salts useful as intermediates in 
obtaining a chemical compound of the invention and its pharmaceutical^ acceptable 
acid addition salt. 

Metal salts of a chemical compound of the invention includes alkali metal 
salts, such as the sodium salt, of a chemical compound of the invention containing a 
carboxy group. 

The chemical compound of the invention may be provided in solved or 
dissolved form together with a pharmaceutical^ acceptable solvents such as water, 
ethanol and the like. In general, solved forms are considered equivalent to dissolved 
forms for the purposes of this invention. 

Pharmaceutical Compositions 

In another aspect the invention provides novel pharmaceutical compositions 
comprising a therapeutically effective amount of the chemical compound of the 
20 invention. While a chemical compound of the invention for use in therapy may be 
administered in the form of the raw chemical compound, it is preferred to introduce the 
active ingredient, optionally in the form of a physiologically acceptable salt in a 
pharmaceutical composition together with one or more excipients, carriers and/or 
diluents. 

25 In a preferred embodiment, the invention provides pharmaceutical 

compositions comprising the chemical compound of the invention or a 
pharmaceutical^ acceptable salt or derivative thereof together with one or more 
pharmaceutical^ acceptable carriers therefor and, optionally, other therapeutic and/or 
prophylactic ingredients. The carrier(s) must be "acceptable" in the sense of being 

30 compatible with the other ingredients of the formulation and not deleterious to the 
recipient thereof. 

Pharmaceutical compositions those suitable for oral, rectal, nasal, topical 
(including buccal and sub-lingual), vaginal or parenteral (including intramuscular, sub- 
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cutaneous and intravenous) administration, or in a form suitable for administration by 
inhalation or insufflation. 

The chemical compound of the invention, together with a conventional 
adjuvant, carrier, or diluent, may thus be placed into the form of pharmaceutical 
5 compositions and unit dosages thereof, and in such form may be employed as solids, 
such as tablets or filled capsules, or liquids such as solutions, suspensions, emulsions, 
elixirs, or capsules filled with the same, all for oral use, in the form of suppositories for 
rectal administration; or in the form of sterile injectable solutions for parenteral 
(including subcutaneous) use. Such pharmaceutical compositions and unit dosage 

10 forms thereof may comprise conventional ingredients in conventional proportions, with 
or without additional active compounds or principles, and such unit dosage forms may 
contain any suitable effective amount of the active ingredient commensurate with the 
intended daily dosage range to be employed. Compositions containing ten (10) 
milligrams of active ingredient or, more broadly, 0.1 to one hundred (100) milligrams, 

15 per tablet, are accordingly suitable representative unit dosage forms. 

The chemical compound of the present invention can be administrated in a 
wide variety of oral and parenteral dosage forms. It will be obvious to those skilled in 
the art that the following dosage forms may comprise, as the active component, either 
a chemical compound of the invention or a pharmaceutical^ acceptable salt of a 

20 chemical compound of the invention. 

For preparing pharmaceutical compositions from a chemical compound of 
the present invention, pharmaceutical^ acceptable carriers can be either solid or 
liquid. Solid form preparations include powders, tablets, pills, capsules, cachets, 
suppositories, and dispersible granules. A solid carrier can be one or more substances 

25 which may also act as diluents, flavouring agents, solubilizers, lubricants, suspending 
agents, binders, preservatives, tablet disintegrating agents, or an encapsulating 
material. 

In powders, the carrier is a finely divided solid which is in a mixture with the 
finely divided active component. 
30 In tablets, the active component is mixed with the carrier having the 

necessary binding capacity in suitable proportions and compacted in the shape and 
size desired. 
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The powders and tablets preferably contain from five or ten to about 
seventy percent of the active compound. Suitable carriers are magnesium carbonate, 
magnesium stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, 
methylceilulose, sodium carboxymethylcellulose, a low melting wax, cocoa butter, and 
5 the like. The term "preparation" is intended to include the formulation of the active 
compound with encapsulating material as carrier providing a capsule in which the 
active component, with or without carriers, is surrounded by a carrier, which is thus in 
association with it. Similarly, cachets and lozenges are included. Tablets, powders, 
capsules, pills, cachets, and lozenges can be used as solid forms suitable for oral 
10 administration. 

For preparing suppositories, a low melting wax, such as a mixture of fatty 
acid glycerides or cocoa butter, is first melted and the active component is dispersed 
homogeneously therein, as by stirring. The molten homogenous mixture is then 
poured into convenient sized moulds, allowed to cool, and thereby to solidify. 
15 Compositions suitable for vaginal administration may be presented as 

pessaries, tampons, creams, gels, pastes, foams or sprays containing in addition to 
the active ingredient such carriers as are known in the art to be appropriate. 

Liquid preparations include solutions, suspensions, and emulsions, for 
example, water or water-propylene glycol solutions. For example, parenteral injection 
20 liquid preparations can be formulated as solutions in aqueous polyethylene glycol 
solution. 

The chemical compound according to the present invention may thus be 
formulated for parenteral administration (e.g. by injection, for example bolus injection 
or continuous infusion) and may be presented in unit dose form in ampoules, pre-filled 

25 syringes, small volume infusion or in multi-dose containers with an added preservative. 
The compositions may take such forms as suspensions, solutions, or emulsions in oily 
or aqueous vehicles, and may contain formulatory agents such as suspending, 
stabilising and/or dispersing agents. Alternatively, the active ingredient may be in 
powder form, obtained by aseptic isolation of sterile solid or by lyophilisation from 

30 solution, for constitution with a suitable vehicle, e.g. sterile, pyrogen-free water, before 
use. 
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Aqueous solutions suitable for oral use can be prepared by dissolving the 
active component in water and adding suitable colorants, flavours, stabilising and 
thickening agents, as desired. 

Aqueous suspensions suitable for oral use can be made by dispersing the 
5 finely divided active component in water with viscous material, such as natural or 
synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, or other well 
known suspending agents. 

Also included are solid form preparations which are intended to be 
converted, shortly before use, to liquid form preparations for oral administration. Such 
10 liquid forms include solutions, suspensions, and emulsions. These preparations may 
contain, in addition to the active component, colorants, flavours, stabilisers, buffers, 
artificial and natural sweeteners, dispersants, thickeners, solubilizing agents, and the 
like. 

For topical administration to the epidermis the chemical compound 

15 according to the invention may be formulated as ointments, creams or lotions, or as a 
transdermal patch. Ointments and creams may, for example, be formulated with an 
aqueous or oily base with the addition of suitable thickening and/or gelling agents. 
Lotions may be formulated with an aqueous or oily base and will in general also 
contain one or more emulsifying agents, stabilising agents, dispersing agents, 

20 suspending agents, thickening agents, or colouring agents. 

Compositions suitable for topical administration in the mouth include 
lozenges comprising the active agent in a flavoured base, usually sucrose and acacia 
or tragacanth; pastilles comprising the active ingredient in an inert base such as 
gelatin and glycerin or sucrose and acacia; and mouthwashes comprising the active 

25 ingredient in a suitable liquid carrier. 

Solutions or suspensions are applied directly to the nasal cavity by 
conventional means, for example with a dropper, pipette or spray. The compositions 
may be provided in single or multi-dose form. In the latter case of a dropper or pipette, 
this may be achieved by the patient administering an appropriate, predetermined 

30 volume of the solution or suspension. In the case of a spray, this may be achieved for 
example by means of a metering atomising spray pump. 

Administration to the respiratory tract may also be achieved by means of an 
aerosol formulation in which the active ingredient is provided in a pressurised pack 
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with a suitable propellant such as a chlorofluorocarbon (CFC) for example 
dichlorodifluoromethane, trichlorofluoromethane, or dichlorotetrafluoroethane, carbon 
dioxide, or other suitable gas. The aerosol may conveniently also contain a surfactant 
such as lecithin. The dose of drug may be controlled by provision of a metered valve. 
5 Alternatively the active ingredients may be provided in the form of a dry 

powder, for example a powder mix of the compound in a suitable powder base such as 
lactose, starch, starch derivatives such as hydroxypropylmethyl cellulose and 
polyvinylpyrrolidone (PVP). Conveniently the powder carrier will form a gel in the nasal 
cavity. The powder composition may be presented in unit dose form for example in 
10 capsules or cartridges of, e.g., gelatin, or blister packs from which the powder may be 
administered by means of an inhaler. 

In compositions intended for administration to the respiratory tract, including 
intranasal compositions, the compound will generally have a small particle size for 
example of the order of 5 microns or less. Such a particle size may be obtained by 
15 means known in the art, for example by micronization. 

When desired, compositions adapted to give sustained release of the active 
ingredient may be employed. 

The pharmaceutical preparations are preferably in unit dosage forms. In 
such form, the preparation is subdivided into unit doses containing appropriate 
20 quantities of the active component. The unit dosage form can be a packaged 
preparation, the package containing discrete quantities of preparation, such as 
packaged tablets, capsules, and powders in vials or ampoules. Also, the unit dosage 
form can be a capsule, tablet, cachet, or lozenge itself, or it can be the appropriate 
number of any of these in packaged form. 
25 Tablets or capsules for oral administration and liquids for intravenous 

administration and continuous infusion are preferred compositions. 

Biological Activity and Methods of Treatment 

4-aminobytyric acid (GABA) is the major inhibitory neurotransmitter which 
30 has been shown to act throughout both the central and peripheral nervous system. At 
present two types of GABA receptors are known, the GABA A and the GABA B 
receptors. Recent molecular biology has demonstrated that the GABA A receptors can 
be subdivided into numerous subreceptors consistant with the selective and or partial 
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pharmacological effects observed with certain benzodiazepine receptor ligands as 
opposed to the unselective effects observed for the classical benzodiazepine receptor 
ligands such as for example diazepam. 

Activation of GABA receptors leads to alternations in membrane potential 
5 (hyperpolarization). The GABA A receptors are associated with chloride influx through 
its associated and integrated chloride channel, whereas GABA B receptor activation 
indirectly alters potassium and calcium channels as well as modifies second 
messenger production. The GABA A recognition sites can be activated by GABA, 
muscimol, and isoguvacine for example, but not by GABA B agonists such as for 
10 example baclofen. The modulatory GABA A recognition site at the benzodiazepine 
receptor sites can be selectively radiolabeled with 3 H-flunitrazepam. 

The affinity of various potential ligands for the benzodiazepine receptor 
sites can thus be evaluated by estimating the ability of test compounds to displace 3 H- 
flunitrazepam. 

15 The compounds of the present invention may be useful for the treatment of 

disorders or diseases of a living animal body due to their modulatory effect on the 
benzodiazepine recognition site of the GABA A receptor complex. This property make 
the compounds of this invention extremely useful as muscle relaxants and in the 
treatment of convulsions, anxiety, sleep disorders, anaestesia, memory disorders as 

20 well as other disorders sensitive to modulation of the GABA A receptor. 

Accordingly, the compounds of the present invention may be administered 
to a subject, including a human, in need of treatment, alleviation, or elimination of a 
disorder or disease associated with GABA A receptors. This includes especially 
convulsions, anxiety, sleep disorders, anaestesia, and memory disorders. 

25 It is at present contemplated that a suitable dosage range is of from about 

0.01 to about 100 mg per day, more preferred of from about 0.1 to about 50 mg per 
day, most prefferred of from about 0.1 to about 30 mg per day, dependent, however, 
upon the exact mode of administration, the form in which it is administered, the 
indication towards which the administration is directed, the subject involved and the 

30 body weight of the subject involved, and further the preference and experience of the 
physician or veterinarian in charge. 
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Methods of Preparation 

The novel benzimidazole derivatives of the invention may be prepared by 
conventional methods of chemical synthesis, e.g. those described in the working 
examples. The starting materials for the processes described in the present 
5 application are known or may readily be prepared by conventional methods from 
commercially available chemicals. 

The end products of the reactions described herein may be isolated by 
conventional techniques, e.g. by extraction, crystallisation, distillation, 
chromatography, etc. 

10 

EXAMPLES 

The invention is further illustrated with reference to the following examples 
which are not intended to be in any way limiting to the scope of the invention as claimed. 
15 The compounds of this invention represented by the following general 

formula 

"^30 




were prepared as outlined in the following scheme (Scheme 1): 
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Scheme 1 



NH2 

j6 j6 



1a-l 2a-o 




3, 4, 5 and 6 



"or "to 



V Ft/ 



5 

The starting materials (1 and 2) used for this preparation are listed in Tables 
1-2, below. 
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Table 1 

Compounds 1a-1l 




Compound No. R, x Method of preparation 

(Example) 

1a CN CI Commercially available 

1b CH 3 CO F 1 

1c C0 2 Et CI 2 

1d 3-furanyl F 3 

1e phenyl F 3 

1f t-Bu F 4 

19 I F 3 

1h C0 2 CH 2 CON(Et) 2 CI 22 

1i CH 2 COOH F 23 
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Table 2 

Compounds 2a -2p 




Compound 
No. 


R 2 


Method of 
preparation 
^txarnpiej 


2a 

■ ■CI 


1 -DiDeridinvl 


c 

C> 


2b 


1 -Dvrrolidinvl 


c 
O 


2c 


4-methvl-1 -Dinerazinvl 


c 
O 


2d 


1 -ac©tvl-4-ninpra7in\/l 


D 


2e 


4-(ethoxycarbonylmethyl)-1-piperazinyl 


6 


2f 


4-((N,N-diethylcarboxamido)methyl)-1-piperazinyl 


6 


2g 


1-(f-butoxycarbonyl)-4-piperazinyl 


7 


2h 


1 -methyl-4-homopiperazinyl 


7 


2i 


(l-pyrrolidinyl)methyl 


8 


2j 


1 -methyl-3-piperidinyI 


9 


2k 


4-(2-hydroxyethyl)-1 -piperazinyi 


6 


21 


4-(methoxycarbonylmethyl)-1 -piperazinyi 


6 


2m 


4-(2,2-bis(ethoxycarbonyl)ethenyl)piperazin-1-yl 


6 


2n 


4-(2-(methoxycarbonyl)ethenyl)piperazin- 1 -yl 


6 


2o 


4-morfolinyt 


5 


2p 


3-pyridyl 


9a 



5 
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Table 3 

Compounds 3a-l 




5 

Comp. Ri R 2 M.p. Starting Met. 



No. 






(°C) 


Mater. 


of 
Prep. 
(Ex.) 


3ai 


CN 


1-piperidinyl 


106-8 


2a/1a 


10 


3a 2 


CN 


1 -pyrrolidinyl 


171-2 


2b/1a 


10 


3a 3 


CN 


4-methyl-1 -piperazinyl 


177-9 


2c/1a 


10 


3a 4 * 


CN 


1 -methyl-3-piperidinyl 


158-60 


2j/1a 


10 


3a 5 


CN 


4-morfolinyl 


163-5 


2o/1a 


10 


3b n 


CHNOH 


1-piperidinyl 


213-4 


3ai 


11 


3bo 


CHNOH 


1 -nvrrnliriin\/l 




Od2 


1 1 
1 1 


3b 3 


CHNOH 


4-methyM -piperazinyl 


224-7 


3a 3 


11 


3b 4 


CHNOH 


1 -methyl-3-piperidinyl 


214-8 


3a4 


11 


3c 


CHNOiPr 


1-piperidinyl 


127-8 


3a 2 


11 


3d 


CHNOMe 


1-piperidinyl 


107-8 


3a 2 


11 


3ei 


CH3CNOH 


1 -acetyl-4-piperazinyl 


240-1 


2d/1b 


12 


3e 2 


CH3CNOH 


4-(2-hydroxyethyl)- 
piperazin-1-yl 


193-5 


2k/1b 


12 


3fi* 


CH 3 CNOEt 


4-(2-hydroxyethyl)- 
piperazin-1-yl 


oil 


2k/1b 


12 


3f 2 * 


CH 3 CNOEt 


4-methyl-1 -piperazinyl 


62-3 


2c/1b 


12 


3f 3 * 


CH 3 CNOEt 


(l-pyrrolidinyl)rnethyl 


158-62 


2i/1b 


12 


3f 4 * 


CH 3 CNOEt 


4-methylhomopiperazin- 
1-yl 


147-51 


2h/1b 


12 


3f s 


CH 3 CNOEt 


1 -pyrrolidinyl 


118-20 


2b/1b 


12 


3f 6 


CH 3 CNOEt 


1-piperidinyl 


88-9 


2a/1b 


12 
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3f 7 * 


CH3CNOE1 


1 -methylpiperidin-3-yl 


112-14 


2j/1b 


12 


3f 8 * 


CH 3 CNOEt 


1-methyM ,2,3,6- 
tetrahydropyrid-5-yl 


227- 
233 


2p/1b 


12a 


3gi 


UM3UI>JUlrr 


1 -methylpiperidin-3-yl 


48-55 


2j/1b 


12 


3g2 


0n30NvJlrT 


4-(2-nyaroxyetnyl)- 
piperazin-1-yl 


165-9 


2k/1b 


12 


3g3* 


UHaUlNVJIrr 


1 -acetyl-4-piperazinyl 


160-3 


2d/1b 


12 


3h 


CH 3 CNOf-Bu 


4-(2-hydroxyethyl)- 
piperazin-1-yl 


oil 


2k/1b 


12 


3ii 


3-furanyl 


4-methylpiperazin-1 -yl 


129-30 


2c/1g 


13 


3i 2 


3-furanyl 


1 -methylpiperidin-3-yl 


96-7 


2j/1g 


13 


3i 3 


3-furanyl 


4-(2-hydroxyethyl)- 
piperazin-1-yl 


137-40 


2k/1g 


13 


3I 4 


3-furanyl 


4-(N,N-diethyl- 

carboxamidomethyl)- 

piperazin-1-yl 


107-9 


2f/1a 


13 


3ji 


phenyl 


4-methylpiperazin-1 -yl 


131-2 


2c/1g 


13 


3j 2 


phenyl 


1 -methylpiperidin-3-yI 


42-4 


2j/ig 


13 


3k* 


3-cyclopropyl- 
1,2,4-oxadiazol- 
5-yl 


1 -methylpiperidin-3-yl 


184-90 


4a 1 


14 


31* 


f-butyl 


1 -methylpiperidin-3-yl 


-200 


2j/1f 


15 



"isolated as the hydrochloride. 
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Ri02C(CHn) m 




Comp. 
No. 


n 


m 


Ri 


R 2 


M.p. (°C) 


Start. 
Mat. 


Met. 
Pre. 
(Ex) 


4a!* 


0 


0 


ethyl 


1-methylpiperidin-3-yl 


hygroscop. 


2j/1c 


16 


4a 2 


0 


0 


ethyl 


4-methylpiperazin-1 -yl 


86-7 


2C/1C 


16 


4a 3 * 


0 


0 


ethyl 


4-(2-hydroxyethyl)- 

ninorQ7in.1 

%X£.\\\~ I ~y I 


233-6 


2k/1c 


16 


4a 4 


0 


0 


ethyl 


1 -acetylpiperazin-4-yl 


155-6 


2d/1c 


16 


4a 5 * 


0 


0 


ethyl 


4-(methoxy- 

carbonylmethyl)-1- 

piprazinyl 


185-6 


21/1 c 


16 


4a 6 * 


0 


0 


ethyl 


4-(ethoxy- 
carbonylmethyl)-1- 
fjifjci ctzii iyi 


196-200 


2e/1c 


16 


4Di 


A 

\ 


r\ 

tL 


ethyl 


1-piperidinyl 


85-7 


3ai 


17 


4b 2 


1 


2 


ethyl 


4-methylpiperazin-1 -yl 


133-4 


3a 3 


17 


4b 3 


1 


2 


ethyl 


4-morfolinyl 


197-200 


3a 5 


17 


4ci 


1 


2 


methyl 


4-methylpiperazin-1 -yl 


138-40 


3a 3 


17 


4c 2 


1 


2 


methyl 


4-morfolinyl 


137-9 


3a 5 


17 


4di 


0 


0 


methyl 


1 -acetyl-4-plperazinyl 


189-91 


2d/1j 


18 


4d 2 


0 


0 


methyl 


4-methyl-1 -piperazinyl 


119-21 


2c/1j 


18 


4d 3 


0 


0 


methyl 


4-(methoxy- 
carbonylmethyl)- 
piperazin-1 -yl 


oil 


2l/1j 


18 


4d 4 


0 


0 


methyl 


4-(diethyl- 

carboxamido-methyl)- 
piperazin-1-yl 


oil 


2f/1j 


18 


4d s 


0 


0 


methyl 


4-morfolinyl 


150-2 


2o/1 j 


18 


4e n 


0 


0 


i-propyl 


1-piperidinyl 


160-61 


2a/1k 


19 
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4o« 


o 


n 


i-fjiupyi 


1 _r^\/r(*/*\l!rl!m#l 

■ pyr roiiuinyi 


1 70-72 


2b/lk 


19 


■teg 


o 


n 




^-mexnyipiperazinyi- 1 - 

y" 


1 10-1 1 


2C/lK 


19 




o 


o 




^-rnoriounyi 


H TO A 

173-4 


20/1 k 


19 


4f 


0 


0 


cyclopropyl- 
methyl 


1-methylpiperidin-3-yl 


111-13 


4a, 


20 


4g* 


0 


0 


benzyl 


1 -methylpiperidin-3-yl 


"90" 


4a, 


20 


4h 


0 


0 


3-picolyl 


1 -methylpiperidin-3-yl 


oil 


4a, 


20 




n 
u 


u 


<:-(aimetnyi- 
amino)ethyl 


1 -acetylpiperazin-4-yl 


101-3 


2d 


21 


4j 


0 


0 


2-(dimethyl- 
aminojetnyi 


4-(ethoxy- 

carbonylmethyl)- 

piperazin-1-yl 


oil 


2e 


21 


4k, 


0 


0 


(N,N-diethyl- 
carboxamido)- 

1 1 icu ly i 


4-(ethoxy- 
carbonylmethyl)- 

piptfi dzir i" i -yi 


93-4 


2e/1h 


22 




o 


o 


fN N-dipthvU 
carboxamido)- 
methyl 


i "dut?iyipipci d.^in-'r-yi 


nil 
Oil 




22 


ill * 


dm 


i 
I 


meinyi 


4-methylpiperazin-1 -yl 


1 40-42 


2c/1i 


24 


4I 2 * 


2 


1 


ethyl 


4-methylpiperazin-1 -yl 


180-82 


2c/1i 


24 


4I 3 * 


2 


1 


methyl 


4-morfolinyl 


164-5 


2o/1 i 


24 


4I 4 * 


2 


1 


ethyl 


4-morfolinyl 


168-9 


2o/1 i 


24 


4m 


0 


0 


1-methyl-2- 
pyrrolidyl- 
methyl 


4-(ethoxy- 

carbonylmethyl)- 

piperazin-1-yl 


oil 


2e 


25 



isolated as the hydrochloride. 

5 
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5 

Comp. M.p. Method of 



No. 


Ri 


R 2 


R 3 


(°C) 


Prep. 
(Ex.) 


5ai 


CH 3 


i-Pr 


(1 -methyl-4-piperidyl)- 
oxycarbonyl 


106-7 


26 


5a 2 


CH 3 


i-Pr 


(1 -methyl-3-piperidyl)- 
oxycarbonyl 


83-4 


26 


5a 3 


CH 3 


i-Pr 


(2-picolyl)-oxycarbonyl 


104-6 


26 


5br 


CH 3 


CH 2 C0 2 Et 


1-methyl-3-piperidyl 


73-5 


27 


5b 2 


CH 3 


CH 2 C0 2 Me 


1-methyl-3-piperidyl 


104-6 


27 


5b 3 


CH 3 


C(CH 3 ) 2 C0 2 . 
Me 


1-methyl-3-piperidyl 


113-6 


27 


5ci 


CH 3 


CH 2 C0 2 Me 


4-(2-hydroxyethyl)- 
piperazin-1 -yl 


117-9 


28 


5c 2 * 


CH 3 


CH 2 C0 2 Et 


4-(2-hydroxyethyl)- 
piperazin-1-yl 


oil 


28 


5c 3 


CH 3 


C(CH 3 ) 2 C0 2 Et 


4-(2-hydroxyethyl)- 
piperazin-1-yl 


oil 


28 


5d, 


CH 3 


H 


4-(ethoxycarbonylmethyl)- 
piperazin-1-yl 


154-6 


29 


5d 2 


CH 3 


ethyl 


4-(ethoxycarbonylmethyl)- 
piperazin-1-yl 


119-20 


29 


5e! 


CH 3 


C(CH 3 ) 2 C0 2 . 
Me 


1 -acetylpiperazin-4-yl 


119-20 


30 


5e 2 


CH 3 


CH 2 C0 2 Me 


1 -acetylpiperazin-4-yl 


137-9 


30 


5e 3 


CH 3 


CH 2 C0 2 Me 


4-morfolinyl 


149-50 


30 


5fn 


CH 3 


i-propyl 


4-(methoxy- 


120-2 


31 



carbonylmethyl)-piperazin- 



WO 98/17651 

Table 5 

Compounds 5a-g 



SUBSTITUTE SHEET (RULE 26) 



WO 98/17651 



PCT/DK97/00462 



5f 2 

5g,* 
5g 2 * 



CH 3 

H 
H 



i-propyl 



C(CH 3 ) 2 C0 2 . 
Me 

C(CH 3 ) 2 C0 2 . 
Me 



35 

1-yl 

4-(2,2-bis- 
(ethoxycarbonyl)- 
etheny l)pi perazin- 1 -yl 

4-methylpiperazin-1 -yl 
4-morfolinyl 



128-9 



31 



199-201 32 
175-7 32 



Isolated as the hydrochloride. 

5 Table 6 

Compounds 6a-c 




Comp. 
No. 


Ri 


R 2 


M.p. CC) 


Start. 
Mat. 


Method 
of Prep. 
(Ex.) 


6ai 


5- 

isoxazolyl 


C0 2 Me 


190-1 




33 


6a 2 


5- 

isoxazolyl 


C0 2 Et 


156-7 




33 


6bi 


phenyl 


C0 2 Et 


122-3 


1e 


34 


6b 2 


phenyl 


4-(ethoxycarbonylmethyl)- 
piperazin-1-yl 


121-2 


2e/1e 


34 


6b 3 


phenyl 


2-picolyloxycarbonyl 


149-50 


6bi 


35 


6b 4 * 


phenyl 


3-picolyloxycarbonyl 


195-7 


6b, 


35 


6b 5 * 


phenyl 


(1-methyl-3- 
piperidyl)oxycarbonyl 


180-91 


6bi 


35 


6b 6 * 


phenyl 


( 1 -methyl-4-piperidyl)- 
oxycarbonyl 


187-8 


6b! 


35 


6Ci 


3-furanyl 


CQ 2 Et 


87-9 


1d 


36 
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6c 2 * 3-tetra- C0 2 Et 168-71 1d 36 
hydro- 
furanyl 

6c 3 3-f uranyl 4-(ethoxycarbonylmethyl)- 110-2 1 d/2e 36 
piperazin-1-yl 

6c 4 3-f uranyl 4-(f-butoxycarbonyl)-piperazin- 162-4 1d/2g 36 
1-yl 

6c 5 3-furanyl 4-(methoxycarbonylmethyl)- 124-5 1d/2l 36 
piperazin-1-yl 

6c 6 3-furanyl 4-(2 f 2-bis(ethoxycarbonyl)- 97-102 1d/2m 36 
ethenyl)-piperazin-1 -yl 

6c 7 3-furanyl 4-(2-(methoxycarbonyl)- 131-3 1d/2n 36 
ethenyl)-piperazin-1 -yl 

6c 8 * 3-furanyl 2-(dimethylamino)- 200-2 1d 36 
ethoxycarbonyl 



'isolated as the hydrochloride. 

5 
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Example 1 

Preparatory Example 

4-Fluoro-3-nitroacetophenone (1b): Concentrated sulfuric acid (200ml) is 
cooled to 5°C. 4-Fluoroacetophenone (20ml, 0.16mol) is added keeping the 
5 temperature below 10°C. The mixture is cooled to 0-5°C and potassium nitrate (25g, 
0.25mol) is added portionwise over 2 hours keeping the temperature within this range. 
Following the addition the mixture is stirred in the cold for additionally 2 hours. The 
mixture is poured on ice (600g) and the crude product is filtered off. Column- 
chromatographic purification on silica gel using a mixture of ethyl acetate and 
10 petroleum ether (1 :9) as the eluent affords pure 1 (18.2g, 60%). Mp 48-49°C. 

Example 2 

Preparatory Example 

Ethyl 4-chloro-3-nitrobenzoate (1c): 4-chloro-3-nitrobenzoic acid (40.0 g, 0.2 
15 mol) was refluxed in thionyl chloride (150 ml) for 6 hours. After cooling toluene (50 ml) 
was added and the mixture was evaporated to dryness. Abs. ethanol (500 ml) was 
added to the cooled residue, and the resulting mixture was refluxed overnight. The ex- 
cess of ethanol was removed under reduced pressure and the product crystallized 
upon addition of aqueous sodium bicarbonate (1M). Yield: 42.5 g (93%). 

20 

Example 3 

Preparatory Example 

4-Fluoro-1 -iodo-3-nitrobenzene (1g): A vigorously stirred suspension of 4- 
fluoro-3-nitroaniline (25 g, 0.16 mol) in cone, hydrochloric acid (125 ml) was cooled to - 

25 15°C. A solution of sodium nitrite (12.1 g, 0.18 mol) in water (25 ml) was added drop- 
wise keeping the temperature at -15°C. Following the addition the mixture was stirred 
for 15 min whereafter a solution of potassium iodide (33.4 g, 0.2 mol) in water (65 ml) 
was added over 45 min. At the end of the addition the mixture was stirred for addition- 
ally 30 min at ambient temperature. Aqueous sodium sulfite (1M) was added to re- 

30 move iodine and the resulting mixture was extracted thrice with diethyl ether. The 
combined extracts were successively washed with ice-cold aqueous sodium hydroxide 
(1M) and brine, dried over sodium sulfate and concentrated under reduced pressure. 
The residue was purified by column chromatography on silica gel, using a mixture of 
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ethyl acetate and petroleum ether (1 :9 v/v) as the eluent, to yield the desired product 
(30.3 g, 71%) as a yellowish oil. 

3- (4-Fluoro-3-nitroDhenvnfuran (1d): A mixture of 1g (25 g, 94 mmol), 3- 
furanyl-boronic acid (13.1 g, 1 17 mmol), potassium carbonate (38.8 g, 281 mmol), 1 ,3- 

5 propanediol (33.8 ml, 468 mmol) and tetrakis(triphenylphosphine)-palladium(0) (0.5 g) 
in a mixture of 1 ,2-dimethoxyethane passed through Al 2 0 3 to remove peroxides (1 00 
ml) and water (50 ml) was heated to reflux under nitrogen for 1 hour. The progress of 
the reaction was monitored by TLC using a mixture of ethyl acetate and petroleum 
ether (1 :9 v/v) as the mobile phase. The mixture was poured into ice-water (500 ml). 

10 The precipitate was filtered off, washed with water and dissolved in ethyl acetate (200 
ml). This solution was washed with cold 1 M HCI (3 x 100 ml) and brine. The organic 
phase was dried over Na 2 S0 4 and evaporated to dryness to leave a crude product 
(100%). The crude product was dissolved in a mixture of dichlorometane and petro- 
leum ether (1:1, v/v) and filtered through a short column (1.5 g silica gel per gram 

15 crude product). The column was washed with the above mixture (20 ml per gram 
crude product). The solvent was removed under reduced pressure and the residue 
was recrystallized (60°C -» 0°C) from 2-propanol (4 ml per gram residue). 

Yield: 80%. M.p. 74.3-74.9°C. 1 H NMR (DMSO-d 6 ): 7.11 ppm (s, 1H), 7.64 
ppm (dd, 1H), 7.80 ppm (s, 1H), 8.06 ppm (m, 1H), 8.36 ppm (dd, 1H), 8.39 ppm (s, 

20 1H). 

4- Fluoro-3-nitrobiphenvl (le) was prepared analogously from 1g and phen- 
ylboronic acid. 

Example 4 
25 Preparatory Example 

4-Fluoro-3-nitro-f-butvlbenzenft (if): To a cold (5°C) suspension of A-t- 
butylaniline in a mixture of cone, hydrochloric acid (25 ml) and water (25 ml) was 
added a solution of sodium nitrite (7.6 g, 0.11 mol) in water (10 ml) keeping the tem- 
perature at 5-7°C. At the end of the addition, the mixture was stirred for additionally 15 
30 min, whereafter a solution of sodium tetrafluoroborate (15.4 g, 0.14 mol) in water (30 
ml) was added dropwise, maintaining the temperature at 5-8°C. After another 15 min 
at 5°C the diazonium salt was filtered off, dried with suction and washed with diethyl 
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ether (yield: 21 g). The diazonium salt was decomposed by gentle heating to 120°C on 
an oil-bath. The product was distilled off and collected to yield 1f (1 1 .2 g, 73.5%). 

Example 5 
5 Preparatory Example 

3-(1-piperidvl)aniline (2a): A mixture of 3-fluoronitrobenzene (10.0 g, 70.9 
mmol) and piperidine (14 ml, 141 mmol) was stirred at 110°C for 3 days. After cooling 
water (200 ml) was added and the mixture was extracted with dichloromethane (3 x 100 
ml). The combined organic extracts were washed with saturated aqueous sodium car- 
lo bonate, dried over sodium sulfate and evaporated to dryness to leave 1-(3- 
nitrophenyl)piperidine (13.7 g, 93%) as an oil. This oil was dissolved in ethanol (150 ml) 
and was hydrogenated at ambient pressure using palladium on activated carbon as the 
catalyst to yield 2a (1 1 .7 g, 100%) as an oil. 

The following compounds were prepared analogously: 
15 3-(1-pyrrolidinyl)aniline (2b); 

3-(4-methyl-1-piperazinyl)aniline (2c); and 

3-(4-morfolinyl)aniline (2o). 

Example 6 
20 Preparatory Example 

3-( 1 -acetvlp iperazin-4-vnaniline (2d): A mixture of 3-fluoronitrobenzene (10.7 
ml, 0.1 mol) and piperazine (43 g, 0.5 mol) in anhydrous NMP was heated to 115°C for 
2 days. After cooling the mixture was poured into water (200 ml) and extracted with 
ethyl acetate (3 x 50 ml). The combined organic extracts were washed with brine, dried 

25 over sodium sulfate and concentrated under reduced pressure. The residue was puri- 
fied by column-chromatography on silica gel with a mixture of dichloromethane, metha- 
nol and aqueous ammonia (90:10:1 v/v/v) as the eluent to yield 1-(3- 
nitrophenyl)piperazine (17.2 g, 83%). This intermediate was acetylated with acetic acid 
anhydride (yield: 90%) and hydrogenated in methanol at ambient pressure using Pd 

30 (5% on activated carbon) as the catalyst to yield 2d (1 1 .9 g, 74%) as off-white crystals. 

In analogy herewith alkylation of 1-(3-nitrophenyl)piperazine with ethyl 2- 
bromoacetate, N,N-diethyl chloroacetamide, 2-bromoethanol, methyl 2-bromoacetate, 
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diethyl ethoxymethylenmalonate and methylpropiolate followed by hydrogenation af- 
forded respectively: 

Ethvl 2-(4-(3-aminoDhenvl)piperazin-1 -vhacetate (2e); 

N.N-diethvl 2-(4-(3-nitroohenvnpiperazin-1 -vnacetamide (2f); 

3-(4-(2-hvdroxvethvnpiperazin-1-vnaniline (2k); 

Methyl 2-(4-(3-aminophenvnpjperazin-1 -vhacetate (21); 

Diethyl f4-( 3-aminophenvnpjperazin-1 -vl^methvlenmalonate (2m); and 

Methyl 2-(4-(3-aminophenvnpiperazin-1 -vHacrvlate (2n). 

Example 7 
Preparatory Example 

3-f1-(f-buto xvcarbonvhDiperazin-4-vnaniline (2g): A mixture of tert-butyl 1- 
piperazinecarboxylate (4 g, 21.5 mmol) and 3-fluoronitrobenzene (2.3 ml, 21.5 mmol) 
in anhydrous NMP (5 ml) was heated to 120°C for 3 days. After cooling water (25 ml) 
was added and the mixture was extracted with ethyl acetate (2x10 ml). The organic 
extract was dried over sodium sulfate and the solvent was removed under reduced 
pressure. The residue was purified by column-chromatography using successively pe- 
troleum ether and a mixture of ethyl acetate and petroleum ether (1:1 v/v) as the elu- 
ents. Yield of f-butyl 4-(3-nitrophenyl)-1-piperazinecarboxylate: 1.34 g (20%). This in- 
termediate was quantitatively hydrogenated to 2g in ethanol at ambient pressure using 
Pd (5% on activated carbon) as the catalyst. 

The following compound was prepared analogously: 

3-(1-methvl-4-homopiperazinvnaniline (2h). 

Example 8 

Preparatory Example 

3-((1-pyrrolidinvnmethvnaniline (2i): To a solution of 3-nitrobenzylbromide (3 
g, 13.9 mmol) in anhydrous THF (30 ml) was added a solution of pyrrolidine (2.3 ml, 
27.8 mmol) in anhydrous THF (10 ml) dropwise with stirring. Following the addition the 
mixture was stirred at ambient temperature overnight. The reaction mixture was fil- 
tered. The filter cake was washed with a small volume of anhydrous THF and the fil- 
trate was concentrated to leave the intermediate 1-(3-nitrobenzyl)pyrrolidine as an oil. 
This oil was dissolved in methanol (50 ml) and three equivalents of both ammonium 
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chloride and sodium sulfide nonahydrate were added. The mixture was heated to re- 
flux for 2 hours. After cooling the mixture was filtered. The filtercake was washed with 
methanol and the filtrate was concentrated under reduced pressure. The residue was 
dissolved in ethyl acetate and dried over sodium sulfate. Filtration and evaporation of 
5 solvent left 2i quantitatively as yellow crystals. 

Example 9 
Preparatory Example 

3-(1-methvl-3-DiDeridinvhaniline (2j): A mixture of 3-nitrophenylboronic acid 

10 (50 g, 0.3 mol), 3-bromopyridine (48 ml, 0.5 mol), potassium carbonate (207 g, 1.5 mol), 
1 ,3-propanediol (107 ml, 1.5 mol) and tetrakis(triphenylphosphine)palladium(0) (0.5 g) in 
a mixture of water (200 ml) and dimethoxyethane (400 ml) was stirred in a nitrogen at- 
mosphere at 80°C for 3 hours. After cooling the dimethoxyethane was removed under 
reduced pressure and the residue was stirred with additionally 200 ml water overnight. 

15 The precipitate was filtered off and extracted with aqueous hydrochloric acid (4M, 300 
ml). The extract was rendered alkaline by addition of aqueous sodium hydroxide (12M). 
The product was filtered off, washed with water and dried with suction to yield 3-(3- 
nitrophenyl)pyridine (50.6 g, 84%). 

3-(3-nitrophenyl)pyridine (50 g, 0.25 mol) was added portion-wise with stirring 

20 to dimethyl sulfate (125 ml). The mixture was stirred at ambient temperature for 24 
hours, during which time additional dimethyl sulfate was added (2 x 50 ml). At the end 
of the reaction diethyl ether (400 ml) was added, and the mixture was stirred in the cold 
for 2 hours. The precipitate was filtered off and washed several times with diethyl ether. 
Finally, the precipitate was stirred in pyridine (100 ml) at 45°C for 30 min. THF (250 ml) 

25 was added. Stirring was continued for additionally 30 min whereafter the product was 
filtered off, washed with diethyl ether and dried to yield 1 -methyl-3-(3- 
nitrophenyl)pyridinium methyl sulfate (66.6 g, 82%). 

The above salt (66 g, 0.2 mol) was dissolved in methanol (750 ml) and so- 
dium borohydride (1 1.4 g, 0.3 mol) was added in portions. At the end of the addition the 

30 mixture was filtered and the filtrate was concentrated under reduced pressure. The 
residue was partitioned between water and diethyl ether. The organic phase was dried 
over sodium sulfate and concentrated under reduced pressure. This concentrate was 
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dissolved in ethanol (500 ml) and hydrogenated at ambient pressure using Pd (5% Pd 
on activated carbon) as the catalyst. Yield of 2j: 24.2 g (64%). 

3-f3-Pvridvhaniline (2p): A mixture of diethyl 3-pyridylborane (16.3g, 
0.11mol), 3-bromoaniline (12.2ml, 0.11mol), potassium carbonate (45.8g, 0.33mol) and 
5 tetrakis(triphenylphosphine)palladium(0) (80mg) in a mixture of water (40ml) and di- 
methoxyethane (80ml) is heated to 80°C under a stream of nitrogen over night. After 
cooling the mixture is diluted with water and ethyl acetate and filtered through a fluted 
filterpaper. The layers are separated. The aqueous layer is extracted once with ethyl 
acetate. The combined organic phases are dried over sodium sulfate and concentrated 
10 under reduced pressure. The residue is dissolved in ethanol. Water is added and the 
mixture is evaporated to dryness. This residue crystallizes upon trituration with ice-cold 
water. The crystals are collected, dried and washed with petroleum ether to afford pure 
2p (16.3g, 87%). Mp 75-76°C. 

15 Example 10 

5-Cvano-1 -(3-(1 -piperidyhphenynbenzimidazole (3ai): A mixture of 4-chlor-3- 
nitrobenzonitril (5.0 g, 27.4 mmol), 2a (4.8 g, 27.4 mmol) and triethylamine (3.8 ml, 27.4 
ml) in anhydrous NMP (5 ml) was heated with stirring to 120°C under a stream of nitro- 
gen overnight. After cooling the mixture was poured into water (50 ml). The crude prod- 
20 uct was filtered off, washed with water and dried with suction. Treatment with activated 
carbon in refluxing ethanol yielded pure N-(3-(1-piperidvnphenvl)-4-cvano-2-nitroanilin 
(6.24 g, 71%). 

This intermediate product (6.17 g, 19.1 mmol) was hydrogenated in ethanol 
at ambient pressure using Pd (5% on activated carbon) as the catalyst to yield the cor- 
25 responding diamine (5.6 g, 100%), which was treated with formic acid (25 ml) at 80°C 
for 1 hour. After cooling the mixture was poured into water (100 ml) and rendered alka- 
line by addition of saturated aqueous sodium carbonate. The product was filtered off 
and purified by treatment with activated carbon in refluxing ethanol followed by column- 
chromatography on silica gel using a mixture of ethyl acetate and petroleum ether (1:1 
30 v/v) as the eluent. Yield of 38^ 4.4 g (70%). M.p. 106-108°C. 

The following compounds were prepared analogously: 

5-Cvano-1 -(3-(1 -pvrroli dinvnphenvnbenzimidazole (3a, V M.p. 171-172°C; 
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5-Cvano-1 -f3-(4-methvl -1 -piperazinvnphenvhbenzimidazole (3a 3 ). M.p. 177- 

179°C; 

5-Cvano-1 -f3-f1 -met hvl-3-piperidinvnphenvnbenzimidazole. hydrochloride 
(3a 4 ). M.p. 158-160°C; and 
5 5-Cvano-1 -(3-(4-morfolinvhphenvl benzimidazole (3a 5 ). M.p. 163-165°C. 



Example 1 1 

5-FormvM -(3-f 1 -piperidinvnphenvnbenzimidazole oxime (3b!):To a solution 
of 3a! (3.83 g, 12.9 mmol) in a mixture of formic acid (45 ml) and water (15 ml) was 

10 added Raney Ni (2.14 g, slurry in water). The mixture was refluxed with stirring for 3 
hours. After cooling the mixture was filtered through celite and the filtrate was evapo- 
rated to dryness. The residue was partitioned between ethyl acetate and aqueous so- 
dium bicarbonate (1 M). The organic phase was dried over sodium sulfate and concen- 
trated under reduced pressure. The concentrate was eluted through a short silica gel 

15 column with ethyl acetate. Evaporation of the solvent left 5-formvl-1-(3-(1- 
piperidinyhp henvn-benzimidazole (3.86 g, 100%) as an oil. This oil was dissolved in 
refluxing ethanol (15 ml). Hydroxyl amine hydrochloride (2.64 g, 38.0 mmol) and trieth- 
ylamine (1 .70 ml) was added and reflux was continued for 5 hours. The cooled mixture 
was rendered basic by addition of triethylamine. Water was added and the pricipitate 

20 was filtered off, washed with water and dried to yield 3bi (2.89 g, 70%). M.p. 213- 
214°C. 

The following compounds were prepared analogously, using the appropriate 
hydroxylamines: 

5-Formvl-1- (3-(1-pyrrolidinvnphenvnbenzimida7.ole oxime (3b 2 ). M.p. 242- 

25 244°C; 

5-Formvl-1 -(3-(4-methv l-1 -pjperazinvnphenvnbenzimidazole oxime (3b 3 ). 
M.p. 224-227°C; 

5-Formvl-1 -(3-(1 -meth vl-3-piperidinvnphenvnbenzimidazole oxime (3b 4 ). M.p. 
241-218°C; 

30 5-Formvl-1-(3-(1 -piperi dinvnphenvnbenzimidazole O-isopropvl oxime (3c). 

M.p. 127-128°C; and 

5-Formvl-1 -(3-(1 -piperi dinvnphenvnbenzimidazole O-methvl oxime (3d). M.p. 
107-108°C. 
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Example 12 

5-Acetvl-1 - (3-(1 -acetvlDiDerazin-4-vnphenvhbenzimidazole oxime (3e0: A 
mixture of 1b (0.75 g, 4.1 mmol) and 2d (0.9 g, 4.1 mmol) in anhydrous NMP (2 ml) was 
5 heated to 80°C overnight under a stream of nitrogen. After cooling water (20 ml) was 
added and the mixture was extracted with dichloromethane. The organic extract was 
dried over sodium sulfate and the solvent was removed under reduced pressure. The 
residue was purified by column-chromatography on silica gel using ethyl acetate as the 
eluent to yield 4-acetyl-N-(3-(1-acetylpiperazin-4-yl)phenyl)-2-nitroaniline as an oil. 

10 This oil was dissolved in ethanol (25 ml) and was hydrogenated at ambient 

pressure using Pd (5% on activated carbon) as the catalyst. The resulting mixture was 
filtered through celite and the solvent was removed under reduced pressure. To the 
residue was added formic acid (5 ml) and the mixture was heated to 80°C for 1 hour. 
After cooling water was added and the product was extracted with ethyl acetate. Col- 

15 umn-chromatographic work-up on silica gel using a mixture of ethyl acetate and metha- 
nol (9:1) as the eluent yielded 5-acetyl-1-(3-(1-acetylpiperazinyl-4- 
yl)phenyl)benzimidazole (0.53 g, 36%). M.p. 112-1 14°C. 

This product was treated with hydroxylamine hydrochloride in ethanol as de- 
scribed in Example 11 to yield 3e t (90%). M.p. 240-242°C. 

20 The following compounds were prepared analogously : 

5-Acetvl-1 -(3-(4-(2-hvdr oxvethvnpiDerazin-1 -vhphenvlbenzimidazole oxime 
(3e 2 ). M.p. 193-195°C; 

5-Acetvl-1 -f3-(4-(2-hvdroxvethvl>pip erazin-1 -vnphenvlbenzimidazole O-ethvl 
oxime (3fi), 1 H-NMR (CDCI 3 . 500 MHz): 1.44 ppm (t, 3H), 2.43 ppm (s, 3H), 2.82 ppm 

25 (t, 2H), 2.92 ppm (m, 4H), 3.47 ppm (m, 4H), 3.83 ppm (t, 2H), 4.36 ppm (q, 2H), 7.07 
ppm (m, 3H), 7.53 ppm (t, 1H), 7.59 ppm (d, 1H), 7.86 ppm (d, 1H), 8.15 ppm (s, 1H), 
8.20 ppm (s, 1H); 

5-Acetvl-1 -(3-(4-meth vlpjperazin-1 -vDphenvhbenzimidazole O-ethvl oxime. 
hydrochloride (3f 2 ). M.p. 62-63°C (oily crystals); 

30 5-Acetvl-1-( 3-(1-pvrrolidinvlmethvnphenvnbenzimidazole O-ethvl oxime. hy- 

drochloride (3f^. M.p. 158-162°C; 

5-Acetvl-1-(3-(4-methvlhomopip erazin-l-vnbenzimidazole O-ethvl oxime. hy- 
drochloride (3f 4 ). M.p. 147-1 51 °C; 
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5-Acetvl-1 -(3-( 1 -pyrrolidinvQphenvhbenzimidazole O-ethvl oxime (3f 5 ). M.p. 
118-120°C; 

5-Acetvl-1-(3-(1-piperidinvl)phenvl)benzimidazole O-ethvl oxime (3f 6 ). M.p. 

88-89°C; 

5 5-acetvl-1-(3-(1-methvlpiperidin-3-vl)phenvnbenzimidazole O-ethvl oxime hy- 

drochloride (3f 7 ). M.p. 112-114 e C; 

5-Acetvl-1 -(3-(1 -methvlpiperidin-3-vl)phenvl)benzimidazole O-isopropyl ox- 
ime. hydrochloride (3gi). M.p. 48-55°C. 1 H-NMR (CDCI 3 , 500 MHz): 1.37 ppm (d, 6H), 
1.75 ppm (qd, 1H), 2.08 ppm (d, 1H), 2.23 ppm (d, 1H), 2.34 ppm (s, 3H), 2.54 ppm (m, 

10 1H), 2.80 ppm (m, 1H), 2.87 ppm (s+m, 4H), 3.64 ppm (t, 2h), 3.80 ppm (m, 1H), 4.50 
ppm (hept., 1H), 7.43 ppm (d, 2H), 7.51 ppm (m, 3H), 7.61 ppm (t, 1H), 7.86 ppm (d, 
1H), 8.13 ppm (s, 1H), 8.47 ppm (broad, 1H); 

5-Acetvl-1 -(3-(4-(2-hvdroxvethvl)piperazin-1 -vQphenvDbenzimidazole O- 
isopropyl oxime, hydrochloride (3q*). M.p. 165-169°C; 

15 5-Acetvl-1 -(3-(4-acetvlpiperazin-1 -yDphenyDbenzimidazole O-isopropyl ox- 

ime, hydrochloride (3g 3 ). M.p. 160-163°C; and 

5-Acetvl-1 -(3-(4-(2-hvdroxvethyl)piperazin-1 -vnphenvDbenzimidazole O-t- 
butvl oxime (3h). 1 H-NMR (CDCI 3 , 500 MHz): 1.34 ppm (s, 9H), 2.25 ppm (s, 3H), 2.86 
ppm (broad, 2H), 2.98 ppm (broad, 4H), 3.47 ppm (broad, 4H), 3.82 (broad, 2H), 6.97 

20 ppm (m, 3H), 7.44 ppm (m, 2H), 7.77 ppm (d, 1H), 8.06 ppm (s, 2H). 

Example 12 a 

5-Acetvl-1 -F3-(1 -methyl- 1 .2.3,6-tetrahvdropvrid-5-vl)phenyl1benzimidazole O- 
ethvl oxime (3f g ): 

25 4-Acetvl-N-(3-(3-pvridvl)phenvl-2-nitroaniline: A mixture of 1b from Example 1 

(5g, 27.3mmol) and 2p from Example 9a (4.62g, 27.2mmol) in dry N-methyl-2- 
pyrrolidone (10ml) is stirred at 40-50°C over night. The resulting solid reaction mixture is 
suspended in ice-water and rendered alkaline by addition of aqueous sodium carbonate 
(1M). The product is filtered off, washed with water and dried to yield 7.68g 4 (85%). Mp 

30 112-113°C. 

4-Acetyl-N-[3-(1 -methylpyrid-3-ylium)phenyl]-2-nitroaniline methylsulfate (5): 
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4-Acetyl-N-[3-(3-pyridyl)phenyl]-2-nitroaniline (4) (3.68g, 11.05mmol) in di- 
5 methyl sulfate (7.5ml) was stirred at ambient temperature for 15min. Diethyl ether was 
added and the mixture was stirred for additionally 30min. The product was filtered off 
and dried to yield 4-acetyl-N-[3-(1-methylpyrid-3-ylium)phenyl]-2-nitroaniline methyl- 
sulfate (5) (4.9g, 96.6%). Mp 118-125°C. 

4-Acetyl-N-[3-(1-methyl-1,2,3,6-tetrahydropyrid-5-yl)phenyl]-2-nitroaniline 

10 (6): 




15 To a suspension of 4-acetyl-N-[3-(1-methylpyrid-3-ylium)phenyl]-2- 

nitroaniline methylsulfate (5) (4.9g, 10.7mmol) in methanol (50ml) sodium borohydride 
(0.6g, 16mmol) was added portionwise with stirring. The resulting solution was stirred 
for 1 hour whereafter the solvent was removed by evaporation. The residue was parti- 
tioned between water and ethyl acetate. The organic phase was dried over sodium 

20 sulfate, concentrated under reduced pressure and purified by column chromatography 



WO 98/17651 PCT/DK97/00462 

47 

on silica gel using a mixture of dichloromethane, methanol and acetone (4:1:1 v/v) as 
the eluent. Yield: 2.1 g (56%). 

5-Acetyl-1 -[3-(1 -methyl-1 ,2,3,6-tetrahydropyrid-5-yl)phenyl]benzimidazole 

(7): 




6 7 

10 A mixture of 4-acetyl-N-[3-(1 -methyl-1 ,2,3,6-tetrahydropyrid-5-yl)phenyI]-2- 

nitroaniline (5) (1g, 3mmoI), sodium sulfide nonahydrate (4.32g, 18mmol) and ammo- 
nium chloride (0.96g, 18mmol) in methanol (50ml) was heated to reflux over night. The 
solvent was removed under reduced pressure and the residue was partitioned be- 
tween ethyl acetate and water. The organic phase was dried over sodium sulfate and 

15 concentrated to leave an oil (m/e: 321) which was stirred in formic acid (10ml) at 80°C 
for 4 hours. The resulting mixture was concentrated under reduced pressure. The 
residue was dissolved in water and filtered. The filtrate was rendered alkaline by addi- 
tion of solid sodium carbonate and extracted with ethyl acetate. This extract was dried 
over sodium sulfate. Evaporation of the solvent left 5-acetyl-1-[3-(1 -methyl-1 ,2,3,6- 

20 tetrahydropyrid-5-yl)phenyl]benzimidazole (7) as an oil. Yield: 0.5g (50%), m/e: 331. A 
minor sample of this oil was dissolved in ethanol and precipitated as the hydrochloride 
by addition of hydrogen chloride in diethyl ether. Mp 227-233°C. 

5-Acetyl-1 -[3-(1 -methyl-1 ,2 f 3,6-tetrahydropyrid-5-yl)phenyl]benzimidazole 
O-ethyl oxime (3f 8 ): 
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8 



To a solution of S-acetyl-l-tS^I-methyl-l.a.S^-tetrahydropyrid-S-ylJphenyl]- 
5 benzimidazole (7) (free base from above) in ethanol was added O-ethyl hydroxylamine 
hydrochloride. The mixture was heated to reflux for 1.5 hours whereafter the solvent 
was removed under reduced pressure. The residue was triturated with a mixture of di- 
ethyl ether and ethanol leaving 5-acetyl-1-[3-(1-methyl-1,2,3,6-tetrahydropyrid-5- 
yl)phenyl]benzimidazole O-ethyl oxime (3f 8 ) as hygroscopic crystals. Mp 138-143°C, 
10 m/e 374. 



Example 12 b 

5-Acetvl-1 -T3-(1 -methvlpiperidin-3-vl)phenvl1benzimidazole (9): 

15 




6 



To a solution of 4-acetyl-N-[3-(1-methyl-1,2,3,6-tetrahydropyrid-5-yl)phenyl]-2-nitroaniline (6, 
20 Ex. 12a) (1g, 3mmol) in ethanol (50ml) was added a catalytic amount of palladium on charcoal 
and the mixture was hydrogenated at ambient pressure over night. The reaction mixture was 
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filtered through celite and the filtrate was concentrated under reduced pressure. To this con- 
centrate formic acid (10ml) was added and the resulting solution was stirred at 80°C over 
night. Excess formic acid was removed by evaporation. The residue was dissolved in water 
and rendered alkaline by addition of solid sodium carbonate. Extraction with ethyl acetate and 
5 treatment of the extract with activated carbon in ethanol afforded 5-acetyl-1-[3-(1- 
methylpiperidin-3-yl)phenyl]-benzimidazole (9) (0.5g, 50%) as an oil. m/e 333. 

Example 13 

5-(3-Furanvl)-1-(3"(4-methvlpiperazin'1-vhphenvnbenzimidazole (3li): A 
10 mixture of 1g (1.4 g, 5.2 mmol) and 2c (1.0 g, 5.2 mmol) in anhydrous NMP (5 ml) was 
heated to 80°C under a stream of nitrogen overnight. The mixture was poured into ice- 
water (50 ml) and rendered alkaline by addition of saturated aqueous sodium carbon- 
ate. The precipitate was filtered off and purified by column-chromatography on silica gel 
using a mixture of dichloromethane, methanol and aqueous ammonia (90:10:1 v/v/v) as 
15 the eluent. Yield of 4-iodo-2-nitro-N-(3-f4-methvlpiperazin-1-vnphenvl)aniline : 1.32 g 
(58%). 

To a solution of the above product (1.3 g, 2.97 mmol) in a mixture of di- 
methoxyethane (20 ml) and water (10 ml) was added 3-furanylboronic acid (0.5 g, 4.45 
mmol), potassium carbonate (1.23 g, 8.91 mmol), 

20 tetrakis(triphenylphosphine)palladium(0) (70 mg) and 1 ,3-propandiol (1.07 ml, 14.8 
mmol). The resulting mixture was stirred under a stream of nitrogen at 80°C for 6 hours. 
After cooling the mixture was filtered. The filtrate was diluted with water (50 ml) and 
extracted with ethyl acetate. The combined organic extracts were washed with brine, 
dried over sodium sulfate and evaporated to dryness to leave 4-(3-furanvl)-2-nitro-N-(3- 

25 (4-methvlpiperazin-1-vl)phenyl)aniline (0.95 g, 85%) as a red oil. 

This oil was hydrogenated at ambient pressure in ethanol using Pd (5% on 
activated carbon) as the catalyst to yield 2-amino-4-(3-furanvl)-N-(3-(4-methvlpiperazin- 
l-ynphenvhaniline (0.6 g, 69%), which was treated with refluxing formic acid (5 ml) for 1 
hour. After cooling the solution was poured into ice-water (25 ml) and aqueous sodium 

30 hydroxide (10M) was added to basic reaction. Extraction with ethyl acetate followed by 
chromatographic work-up on silica gel with a mixture of ethyl acetate and methanol (9:1 
v/v) as the eluent left pure 3h (0.23 g, 41%). M.p. 129-130°C. 

The following compounds were prepared analogously: 
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5-(3'FuranvlV1"(3-(1-methvlpiperidin-3-vnphenvl)benzimidazole (3i 2 ). M.p. 

96-97°C; 

5-(3-Furanvn-1-(3-(4-(2-hvdroxvethvl)pto^ 
(3i 3 ). M.p. 137-140°C; 

5 5-(3-Furanvl)-1 -(3-(4-(N, N-diethvlcarboxamidomethvl)piperazin-1- 

vDphenvDbenzimidazole (3i 4 ). M.p. 107-109°C; 

5-Phenvl-1 -(3-(4-methvlpjperazin-1 -vl)phenvl)benzimidazole (3j n ). M.p. 131- 
132°C; and 

5-PhenyH -(3-( 1 -methvlpiperidin-3-vl)phenvl)benzimidazote (3j 2 ). M.p. 42- 

10 44°C; 

In case of 3ji and 3j 2 phenylboronic acid was employed. 
Example 14 

5-(3-CvclopropyH .2,4-oxadiazol-5-vl)-1 -(3-(1 -methvlpiperidin-3-vl)phenvl)- 
15 benzimidazole, hydrochloride (3k): To a solution of sodium (0.1 g, 4 mmol) in anhydrous 
ethanol (10 ml) was added 4a t (see example 16) (0.36 g, 1 mmol) and cyclopropylcar- 
boxamide oxime and the mixture was heated to reflux overnight. After removal of the 
solvent the residue was partitioned between water and ethyl acetate. The organic phase 
was dried over sodium sulfate and concentrated under reduced pressure. The product 
20 precipitated upon addition of a solution of anhydrous hydrogen chloride in diethyl ether. 
Yield of 3k: 0.2 g (46%). M.p. 184-190°C. 

Example 15 

5-f-Butvl-1 -(3-(1 -methvlpiperidin-3-vQphenvl)benzimidazole. hydrochloride 
25 (31): A mixture of 1f (1 .26 g, 6.9 mmol) and 2j (1.22 g, 6.4 mmol) in anhydrous NMP (2 
ml) was heated with stirring in a nitrogen atmosphere to 80°C overnight. Aqueous so- 
dium carbonate was added to the cooled reaction mixture, and the resulting mixture was 
extracted with ethyl acetate. The organic phase was concentrated and purified by col- 
umn-chromatography on silica gel using a mixture of ethyl acetate and methanol (9:1 
30 v/v) as the eluent. Yield of 4-f-butvl-N-(3-( 1 -methvlpiperidin-3-vl)phenyl)-2-nitroanilin 
(0.32 g, 14%) as an oil. This oil was dissolved in ethanol (15 ml) and was hydrogenated 
at ambient pressure using Pd (5% on activated carbon) as the catalyst to yield the cor- 
responding phenylenediamine quantitatively. To a solution of this 2-amino-4-f-butvl-N- 
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(3-( 1 -methvlpiperidin-3-vl)phenvl)aniline in THF (5 ml) was added triethyl orthoformate 
(0.3 ml, 1.8 mmol) and a catalytic amount of pTSA. The resulting mixture was heated to 
reflux overnight. To the cooled solution aqueous sodium carbonate (1 M) was added and 
the mixture was extracted with ethyl acetate. The organic extract was dried over sodium 
5 sulfate and evaporated to dryness. The residue was treated with a solution of anhy- 
grous hydrogenchloride in diethyl ether to leave 31 (0.21 g, 63%) as a hygroscopic solid. 
M.p. approx. 200°C (collapses at 70°C). m/e: 347. 

Example 16 

10 5-(Ethoxvcarbonvl)-1 -(3-(1 -methvlpiperidin-3-vl)phenvnbenzimidazole t hydro- 

chloride (4ai): A mixture of 1c (5.7 g, 25 mmol), 2j (3.8 g, 20 mmol) and potassium car- 
bonate (3.45 g, 25 mmol) was heated to 70°C under a stream of nitrogen. The resulting 
melt was stirred at 70°C overnight. The reaction mixture was partitioned between water 
and ethyl acetate and the organic phase was extracted with diluted hydrochloric acid 

15 (4M). The aqueous phase was rendered alkaline by addition of aqueous sodium hy- 
droxide (4M) and extracted with ethyl acetate. The organic phase was dried over so- 
dium sulfate and the solvent was removed under reduced pressure to leave ethyl 4-(3- 
(1-methvlpiperidin-3-vl)phenvlamino)-3-nitrobenzoate (7.5 g, 98%) as an oil. 

The above oil was dissolved in ethanol (150 ml) and was hydrogenated at 

20 ambient pressure using Pd (5% on activated carbon) as the catalyst. The resulting 
phenylendiamine was treated with formic acid (25 ml) at 80°C for 4 hours. Hereafter the 
excess formic acid was removed by evaporation. The residue was partitioned between 
aqueous sodium hydroxide (1M) and ethyl acetate. The organic phase was concen- 
trated and purified by column-chromatography on silica gel using a mixture of di- 

25 chloromethane, methanol and acetone (4:1:1 v/v/v) as the eluent. Evaporation of the 
solvent and treatment of the residue with a solution of anhydrous hydrogen chloride in 
diethyl ether (2M) left (4ai) 5-(ethoxvcarbonvl)-1-(3-(1-methvlpiperidin-3- 
vDphenvDbenzimidazole, hydrochloride (2.8 g, 35%) as a hygroscopic solid. 1 H-NMR 
(DMSO-d 6 , 500 MHz): 1.43 ppm (t, 3H), 1.47 ppm (m, 1H), 1.83 ppm (m, 2H), 2.00 ppm 

30 (m, 2H) f 2.06 ppm (t, 1H), 2.34 ppm (s, 3H) t 2.98 ppm (m, 3H), 4.40 ppm (q, 3H), 7.37 
ppm (m, 3H), 7.50 ppm (m, 2H), 8.05 ppm (d, 1H), 8.17 ppm (s, 1H), 8.58 ppm (s, 1H). 
The following compounds were prepared analogously: 
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5-(EthowcarbonvlH-(3-(4-m (4a 2 ). 
M.p. 86-87°C; 

5-(Ethoxvcarbonvl)-1-(3-(4-(2"hvdroxvethvnpiperazin"1- 
vflphenvObenzimidazole. hydrochloride (4a 3 ). M.p. 233-236°C; 

5-(Ethoxvcarbonvn-1-(3-n-acetvlpiperazin«4-vl)phenvl)benzimidazole (4a 4 ). 
M.p. 155-156°C; 

5-(Ethoxvcarbonyl)-1-(3-(4-(methoxvcarbonvlmethvnpiperazin-1-vl)phenvl)- 
benzimidazole. hydrochloride (4a 5 ). M.p. 185-186°C; and 

5-fEthoxvcarbonvn-1-(3-(4-(ethoxvcarbonvlmethvl)piperazin-1'vnphenyl)' 
benzimidazole. hydrochloride (4a 6 ). M.p. 196-200°C. 

Example 17 

5-(2"(Ethoxvcarbonvl)ethenvl)-1-(3-(1-piperidvl)phenvl)benzimidazole (4b0: 
To a suspension of sodiumhydride (70 mg t 60% dispersion in mineral oil) in anhydrous 
toluene (5 ml) was added triethyl phosphonoacetate (0.33 ml, 1.64 mmol), keeping the 
temperature at 30-35°C. Following the addition, stirring was continued until a clear solu- 
tion had formed (approx. 15 min). A solution of 5-formyl-1-(3-(1-piperidinyl)- 
phenyl)benzimidazole (0.5 g, 1.64 mmol. Prepared as described in Example 11) in an- 
hydrous toluene (2 ml) was added dropwise at 20-30°C. Following the addition the mix- 
ture was stirred at ambient temperature for 15 min and then at 60-65°C for additional 15 
min. Stirring was continued at ambient temperature overnight. The reaction mixture was 
decanted , leaving a rubber-like residue, which was extracted several times with tolu- 
ene. The combined decantates were washed with water, dried over sodium sulfate and 
evaporated to dryness. The residue was triturated with petroleum ether to yield 4bi 
(0.38 g, 61%). M.p. 85-87°C. 

The following compounds were prepared analogously: 
5-(2-( EthoxvcarbonvDethenvlH -(3-(4-methvlpiperazin-1 - 
yDphenvObenzimidazole (4b g ). M.p. 133-134°C; 

5-(2-fEthoxvcarbonvl)ethenvlV1-(3-(4-morfolinvnphenvnbenzimidazole (4b 3 ). 
M.p. 197-200°C; 

5-(2-(Methoxvcarbonvhethenvh-1 -(3-(4-methvlpiperazin-1 - 
vl)phenvhbenzimidazole (4d). M.p. 138-140°C; and 
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5-(2-(Methoxvcarbonvl)ethenvl)"1'(3"(4'morfolinvl)phenvnbenzimidazole 
(4c 2 ). M.p. 137-139°C. 

For the two latter preparations methyl diethyl phosphono acetate was em- 
ployed. 

5 

Example 18 

5-(Methoxvcarbonvn-1-(3-(1-acetvlpiperazin-3-vnphenvl)benzimidazole (4di): 
To a solution of methyl 4-chloro-3-nitrobenzoate (2.0 g, 9.28 mmol) in anhydrous NMP 
(5 ml) was added 2d (2.03 g, 9.28 mmol) and triethylamine (1.3 ml, 9.28 mmol). The 

10 mixture was heated with stirring to 80°C overnight. The cooled solution was poured into 
ice-water (50 ml) and the resulting mixture was extracted with ethyl acetate (3x10 ml). 
The combined organic extracts were washed with water, dried over sodium sulfate and 
evaporated to dryness. The residue was triturated with petroleum ether to yield methyl 
4-(3-(1-acetvlpiperazin-4-vl)anilinoV3-nitrobenzoate (3.14 g, 85%) as red crystals. 

15 This intermediate product was dissolved in methanol (50 ml) and was hydro- 

genated at ambient pressure using Pd (5% on activated carbon) as the catalyst to yield 
the corresponding diamino compound (2.8 g, 96%). 

To a solution of this diamine in THF (50 ml) was added triethyl orthoformate 
(2.5 ml, 15.2 mmol) and a catalytic amount of pTSA. The mixture was heated to reflux 

20 for 1 hour. After cooling the solvent was removed by evaporation and the residue was 
partitioned between aqueous sodium carbonate (1M) and ethyl acetate. The organic 
phase was dried over sodium sulfate and concentrated under reduced pressure. The 
residue was purified by column-chromatography on silica gel using a mixture of ethyl 
acetate and methanol (9:1 v/v) as the eluent. Yield of 4dv 5.52 (53%). M.p. 189-191°C. 

25 The following compounds were prepared analogously: 

5-(Methoxvcarbonvn-1-(3-(4-methvlpiperazin-1-vl)phenvnbenzimidazole 
(4d 2 ). M.p. 119-121°C; 

4-(Methoxvcarbonvh-1 -f3-(4-methoxvcarbonvlmethvnpiperazin-1 - 
vDbenzimidazole (4d 3 ). 1 H-NMR (CDCI 3 , 500 MHz): 2.90 ppm (broad, 4H), 3.35 ppm 

30 (broad, 6H), 3.70 ppm (s, 3H), 3.90 ppm (s, 3H), 6.91 ppm (m, 2H), 6.95 ppm (d, 1H), 
7.39 ppm (t, 1H) f 7.48 ppm (d, 1H), 7.99 ppm (d, 1H), 8.11 ppm (s, 1H), 8.51 ppm (s, 
1H); 
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5-(Methoxvcarbonvl)-1-(3-(4-(N. N-diethvlcarboxamidemethvl)piperazin-1- 
ynphenvH-benzimidazole (4d 4 ). 1 H-NMR (CDCI 3l 500 MHz): 1.18 ppm (t, 3H), 1.26 ppm 
(t, 3H), 2.90 (broad, 4H) t 3.42 ppm (m, 1H), 3.99 ppm (s, 3H), 6.98 ppm (superimposed 
d+s, 2H), 7.04 ppm (d, 1H), 7.56 ppm (d, 1H), 8.07 ppm (d, 1H), 8.20 ppm (s, 1H), 8.60 
5 ppm (s, 1H); and 

5-(Methoxvcarbonvl)-1-(3-(4-morfolinvl)phenvnbenzimidazole (4d 5 ). M.p. 150- 

152°C. 
Example 19 

10 5-(/-Propvloxvcarbonvl)-1-(3-(1-piperidinvnphenvl)benzimidazole {4e A ): To a 

mixture of isopropyl 4-chloro-3-nitrobenzoate (3.0 g, 12.3 mmol) and 2a (2.16 g, 12.3 
mmol) in anhydrous NMP (5 ml) was added triethylamine (1.71 ml, 12.3 mmol) and the 
mixture was stirred at 80°C under a stream of nitrogen overnight. The cooled mixture 
was partitioned between ethyl acetate and water. The organic phase was extracted with 

15 diluted hydrochloric acid (4M). The aqueous extract was rendered alkaline by addition of 
aqueous sodium hydroxide (12M) and extracted with ethyl acetate. This organic extract 
was dried over sodium sulfate and concentrated under reduced pressure. The residue 
was chromatographied on silica gel using a mixture of ethyl acetate and petroleum ether 
(1:1 v/v) as the eluentto yield isopropyl 3-nitro-4-(3-(1-piperidinyl)anilino)benzoate (2.55 

20 g, 54%) as a red oil. This intermediate product was dissolved in ethanol (50 ml) hydro- 
genated at ambient pressure. The resulting diamine was treated with formic acid (25 ml) 
at 80°C for 1 hour. The reaction mixture was poured into water (100 ml) and rendered 
alkaline by addition of aqueous sodium hydroxide (10M). The crude product was filtered 
off, washed with water and dried. Purification was achieved by treatment with activated 

25 carbon in refluxing 2-propanol followed by trituration with diethyl ether. Yield of 4ev 1 .27 
g(53%). M.p. 160-1 61 °C. 

The following compounds were prepared analogously: 
5-(Methoxvcarbonvn-1-(3-(4-methvlpiperazin-1-vl)phenvhbenzimidazole 
(4d 2 ). M.p. 119-121°C; 

30 4-(Methoxvcarbonvn-1-(3-(4-methoxvcarbonvlmethvnpiperazin-1- 

vDbenzimidazole (4d 3 ). 1 H-NMR (CDCI 3f 500 MHz): 2.90 ppm (broad, 4H), 3.35 ppm 
(broad, 6H), 3.70 ppm (s, 3H), 3.90 ppm (s, 3H), 6.91 ppm (m, 2H), 6.95 ppm (d, 1H), 
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7.39 ppm (t, 1H), 7.48 ppm (d, 1H), 7.99 ppm (d, 1H), 8.11 ppm (s, 1H) f 8.51 ppm (s, 
1H); 

5-(Methoxvcarbonvl)-1 -(3-(4-(N. N-diethvlcarboxamidemethvnpiperazin-1 > 
vDphenvn-benzimidazole (4d 4 ). 'H-NMR (CDCI 3 , 500 MHz): 1.18 ppm (t, 3H), 1.26 ppm 
5 (t, 3H), 2.90 (broad, 4H), 3.42 ppm (m, 1H), 3.99 ppm (s, 3H), 6.98 ppm (superimposed 
d+s, 2H), 7.04 ppm (d, 1H), 7.56 ppm (d, 1H), 8.07 ppm (d, 1H), 8.20 ppm (s, 1H), 8.60 
ppm (s, 1H); and 

5-(Methoxvcarbonvn-1--(3-(4-morfolinvnphenvl)benzimidazole (4d 5 ). M.p. 150- 

152°C. 

10 

Example 19 

5-(APropvloxvcarbonvlH -(3-( 1 -piperidinvnphenvObenzimidazole (4e^): To a 
mixture of isopropyl 4-chloro-3-nitrobenzoate (3.0 g, 12.3 mmol) and 2a (2.16 g, 12.3 
mmol) in anhydrous NMP (5 ml) was added triethylamine (1.71 ml, 12.3 mmol) and the 

15 mixture was stirred at 80°C under a stream of nitrogen overnight. The cooled mixture 
was partitioned between ethyl acetate and water. The organic phase was extracted with 
diluted hydrochloric acid (4M). The aqueous extract was rendered alkaline by addition of 
aqueous sodium hydroxide (12M) and extracted with ethyl acetate. This organic extract 
was dried over sodium sulfate and concentrated under reduced pressure. The residue 

20 was chromatographied on silica gel using a mixture of ethyl acetate and petroleum ether 
(1:1 v/v) as the eluent to yield isopropyl 3-nitro-4-(3-(1-piperidinyl)anilino)benzoate (2.55 
g, 54%) as a red oil. This intermediate product was dissolved in ethanol (50 ml) hydro- 
genated at ambient pressure. The resulting diamine was treated with formic acid (25 ml) 
at 80°C for 1 hour. The reaction mixture was poured into water (100 ml) and rendered 

25 alkaline by addition of aqueous sodium hydroxide (10M). The crude product was filtered 
off, washed with water and dried. Purification was achieved by treatment with activated 
carbon in refluxing 2-propanol followed by trituration with diethyl ether. Yield of 4ei: 1.27 
g (53%). M.p. 160-1 61 °C. 

The following compounds were prepared analogously: 

30 5-(APropvlo xvcarbonvn-1-(3-M-pvrrolidinvl)phenvl)benzimidazole (4e 2 ). M.p. 

170-172°C; 

5-(^ProD vloxvcarbonvl)-1-(3-(4-methvlpiperazin-1-vhDhenvnbenzimidazole 
(4e 3 ). M.p. 110-111°C; and 



f 
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5-(/-PropvlQxvcarbonvl^1-f3-(4-morfolinvnphenvl)benzimidazole (4e 4 ). M.p. 
173-174°C. 

Example 20 

5 5-(Cvclopropylmethvloxvcarbonvl)-1 -(3-( 1 -methvlpjperidin-3- 

vflphenvDbenzimidazole (4f): To a solution of 4a! (1.5 g, 3.8 mmol) in ethanol (10 ml) 
was added aqueous potassium hydroxide (10 ml, 2M) and the mixture was heated to 
reflux for 2 hours. The ethanol was removed under reduced pressure, and the residue 
was neutralized by addition of acetic acid. The resulting amino acid was filtered off and 
10 dried. This product was suspended in toluene (100 ml). Thionylchloride (3 ml) was 
added, and the mixture was heated to 80°C for 4 hours. The cooled mixture was evapo- 
rated to dryness, and the residue was suspended in anhydrous THF (60 ml). 

To a part of the above suspension (20 ml) was added cyclopropylrnethanol 
(0.8 ml, 10 mmol) and the mixture was stirred at room temperature for 5 days. The soi- 
ls vent was removed by evaporation and the residue was partitioned between aqueous 
sodium hydroxide (1M) and ethyl acetate. The organic phase was dried over sodium 
sulfate and evaporated to dryness. The residue was triturated with petroleum ether to 
yield 4f (30 mg, 7%). M.p. 111-1 13°C. 

The following compounds were prepared analogously: 
20 5-(Benzvloxvcarbonvn-1 -(3-( 1 -methvlpiperidin-3-vnphenvhbenzimidazole. hy- 

drochloride (4g). M.p. collapse at 90°C. M/e: 425; and 

5-(3-Picolvloxvcarbonvn-1-(3-(1-methvlpiDeridin-3-vnphenvnbenzimidazole 
(4h). 1 H-NMR (CDCI3, 500 MHz): 1.45 ppm (m, 1H), 1.8 ppm (broad, 2H), 2.1 ppm 
(broad, 3H), 2.4 ppm (broad, 3H), 3.0 ppm (broad, 3H), 5.36 ppm (s, 2H), 7.3 ppm 
25 (several signals, 4H), 7.45 ppm (T, 2H), 7.77 ppm (d, 1H), 8.01 ppm (d, 1H), 8.12 ppm 
(s, 1H), 8.55 ppm (d, 1H), 8.57 ppm (s, 1H), 8.69 ppm (s, 1H). 

Example 21 

5-(2-f(Dimethvlamino)ethvnoxvcarbonvn-1-(3-(1-acetvlpiperazin-4-vnphenvn- 
30 benzimidazole (4i): To a solution of 2-(dimethylamino)ethyl 4-chloro-3-nitrobenzoate 
(2.5 g, 9.1 mmol) and 2d (2.0 g, 9.1 mmol) in anhydrous NMP (5 ml) was added trieth- 
ylamine (1 .3 ml, 9.1 mmol), and the mixture was stirred at 80°C for 4 hours. The cooled 
mixture was poured into ice-water (100 ml) and extracted with ethyl acetate (4 x 20 ml). 
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The combined organic extracts were dried over sodium sulfate and concentrated under 
reduced pressure. The residue was purified by column-chromatography on silica gel 
using a mixture of dichloromethane and methanol (9:1 v/v) as the eluent to yield 2^ 
(dimethvlamino)ethvl 3-nitro-4-(3-(1-acetvlpiperazin-4-vl)anilino)benzoate (1 g, 24%). 

5 This intermediate product was dissolved in ethanol (50 ml) and was hydrogenated 
quantitatively at ambient pressure, using Pd (5% on activated carbon) as the catalyst. 
The resulting diamine was dissolved in THF (50 ml) and triethyl orthoformate (0.7 ml, 
4.2 mmol) was added, together with a catalytic amount of pTSA. The mixture was 
heated to reflux for 1 hour. The solvent was removed under reduced pressure and the 

10 residue was partitioned between aqueous sodium carbonate (1M) and ethyl acetate. 
The organic phase was dried over sodium sulfate and concentrated under reduced 
pressure, and the residue was chromatographied on silica gel using a mixture of di- 
chloromethane, methanol and aqueous ammonia (90:10:1) as the eluent. The product 
isolated from the eluate was treated with activated carbon in refluxing ethanol and the 

15 product thus obtained was triturated with petroleum ether to yield 4i (0.18 g, 20%). M.p. 
101-103°C. 

The following compound was prepared analogously: 

5-((2-(Dimethvlamino)ethyl)oxvcarbonvl)-1-(3-(4- 
(ethoxvcarbonvlmethvnpiperazin-l-vnphenvnbenzimidazole (4j). 1 H-NMR (CDCI 3 , 500 
20 MHz): 1 .29 ppm (t, 3H), 2.44 ppm (s, 6H), 2.77 ppm (t, 4H), 2.88 ppm (t, 2H), 3.28 ppm 
(s, 2H) f 3.33 ppm (t, 4H), 4.21 ppm (q, 2H), 4.54 ppm (t, 2H), 6.94 ppm (d, 1 H), 6.96 
ppm (s, 1H), 7.02 ppm (d, 1H), 7.44 ppm (t, 1H), 7.55 ppm (d, 1H), 8.06 ppm (d, 1H) f 
8.17 ppm (s, 1H), 8.58 ppm (s, 1H). 

25 Example 22 

5-((N,N-Diethvlcarboxamido)methvloxvcarbonvlW(3-(4- 
ethoxvcarbonvlmethvn-piperazin-1-vl)phenvl)benzimidazole (4k0 and 5-(fN,N- 
diethvlcarboxamido)-methvloxvcarbonvn-1-(3-(1-acetvlpiperazin-4- 
yDphenyhbenzimidazole (4k 2 ): These compounds were prepared from (N,N- 
30 diethylcarboxamido)methyl 4-chloro-3-nitrobenzoate (1h) and 2e and 2d, respectively 
as described in Example 21 . 

1h was prepared as follows: To a solution of 4-chloro-3-nitrobenzoic acid (5.0 
g, 24.8 mmol) in anhydrous DMF (25 ml) was added sodium iodide (0.37 g, 2.5 mmol), 
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triethylamine (6.9 ml, 49.6 mmol) and 2-chloro-N,N-diethylacetamide (3.4 ml, 24.8 
mmol). The resulting mixture was stirred at room temperature overnight. The mixture 
was poured into ice-water (100 ml) and the oily precipitate was filtered off and redis- 
solved in ethyl acetate. This solution was dried over sodium sulfate and evaporated to 
5 dryness to yield 1 h (7.46 g, 96%) as a yellow oil. 

Example 23 

4- Fluoro-3-nitrophenvlacetic acid (1i): A suspension of 4-fluorophenylacetic 
acid (10.0 g, 64.9 mmol) in concentrated sulfuric acid (100 ml) was cooled to 0°C. Con- 

10 centrated nitric acid (4.5 ml, 65 mmol) was added drop-wise, keeping the temperature 
at 0-5°C. At the end of the addition the mixture was poured into ice-water (400 ml). The 
precipitate was filtered off, washed thoroughly with water and dried with suction to yield 
1i (9.11 g, 70%). 

15 Example 24 

5- (Methoxvcarbonvlmethvl)-1 -(3-(4-methv)piperazin-1 - 
vl)phenvnbenzimidazole. hydrochloride (4I0: To a suspension of 1i (3.0 g, 15.1 mmol) 
in anhydrous NMP (2 ml) was added 2c (2.88 g, 15.1 mmol) and triethylamine (2.1 ml, 
30.2 mmol). The mixture was stirred at 80°C under a stream of nitrogen overnight. The 

20 cooled mixture was poured into a mixture of diethyl ether and petroleum ether (100 ml, 
1:1 v/v) resulting in separation of an oily lower phase. The mixture was decanted and 
the oil was dissolved in dichloromethane and eluted through silica gel with a mixture of 
dichloromethane and methanol (4:1 v/v) to yield 3-nitro-4-(3-(4-methvlpiperazin-1- 
vl)phenvlamino)-phenvlacetic acid (1.63 g, 29%). This acid (0.64 g, 1.73 mmol) was 

25 dissolved in methanol and concentrated hydrochloric acid (0.2 ml) was added. The 
mixture was heated to reflux for 4 days. The solvent was removed under reduced pres- 
sure and the residue was purified by column-chromatography on silica gel using a mix- 
ture of dichloromethane, methanol and aqueous ammonia (90:10:1 v/v/v) as the eluent 
to leave the ester (0.47 g, 71%) as a red oil. This oil was hydrogenated in methanol at 

30 ambient pressure using Pd (5% on activated carbon) as the catalyst to yield the corre- 
sponding diamine (0.38 g). This diamine was treated with triethyl orthoformate (0.35 ml, 
2.14 mmol) and a catalytic amount of pTSA in THF (5 ml) at 80°C for 30 min. The sol- 
vent was evaporated and the residue was partitioned between aqueous sodium hy- 
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droxide (1M) and ethyl acetate. The organic phase was dried over sodium sulfate, con- 
centrated and eluted through a silica gel column with a mixture of dichloromethane, 
methanol and aqueous ammonia (90:10:1 v/v/v). The product precipitated as the hydro- 
chloride by addition of a solution of anhydrous hydrogen chloride in diethyl ether to the 
5 eluate. Yield of 4h: 0.2 g (41%). M.p. 140-142°C. 

The following compounds were prepared analogously: 

5-(Ethoxvcarbonvlmethvl)-1-(3-(4-methvlpiperazin-1-vl)phenvl)benzimidazole, 
hydrochloride (4I»). M.p. 180-182°C; 

5-(Methoxvcarbonvl)-1-(3-(4-morfolinvnphenvl)benzimidazole. hydrochloride 
10 (4I 3 ). M.p. 164-165°C. Prepared from 1i and 2o; and 

5-(Ethoxvcarbonvn-1-(3-(4-morfolinvl)phenvl)benzimidazole. hydrochloride 
(4I 4 ). M.p. 168-169°C. Prepared from 1i and 2o. 

Example 25 

15 5-((1-Methvlpvrrolidin-2-vnmethoxvcarbonvn-1-(3-(4-(ethoxvcarbonvlmethvl)- 
piperazin-1-vl)phenvl)benzimidazole (4m) was prepared in analogy with Example 21 
from (1-methylpyrrolidin-2-yl)methyl 4-chIoro-3-nitrobenzoate and 2e. 1 H-NMR (CDCI 3f 
500 MHz): 1.10 ppm (t, 3H), 1.66 ppm (broad, 2H), 1.78 ppm (broad, 1H), 1.94 ppm 
(broad, 1H), 2.29 ppm (broad, 1H), 2.43 ppm (s, 3H) f 2.60 ppm (t, 4H), 2.70 ppm 

20 (broad, 1H), 3.10 ppm (superimposed s, 2H and broad, 1H), 3.15 ppm (t, 4H), 4.02 ppm 
(q, 2H), 4.28 ppm (broad, 2H), 6.75 ppm (d, 1H), 6.78 ppm (s, 1H), 6.83 ppm (d, 1H), 
7.24 ppm (t, 1H), 7.36 ppm (d, 1H), 7.87 ppm (d, 1H), 7.98 ppm (s, 1H), 8.38 ppm (s, 
1H). 

25 Example 26 

5-Acetvl-1 -f3-(1 -methvl-4-Piperidvloxvcarbonvnphenvnbenzimidazole O- 
isopropvl oxime (Sa^: A mixture 1b (11.0 g, 60.2 mmol), ethyl 3-aminobenzoate (9.9 g, 
6.2 mmol) and triethylamine (8.34 ml, 60.2 mmol) in anhydrous NMP (5 ml) was heated 
to 130°C with stirring under a stream of nitrogen for 4 hours. The cooled mixture was 
30 poured into ice-water (100 ml). Ethanol (10 ml) was added and the mixture was stirred 
until crystallization was completed. The precipitate was filtered off, washed with water 
and dried to yield ethvl (4-acetyl-2-nitrophenvl)aminobenzoate (19.1 g, 97%). This ester 
was hydrogenated quantitatively in a mixture of ethanol (400 ml) and dichloromethane 
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(100 ml) using Pd (5% on activated carbon) as the catalyst. The resulting diamine was 
heated to reflux in formic acid (100 ml) for 1 hour. The cooled mixture was poured into 
ice-water (400 ml) and the precipitate was filtered off, washed with water and dried to 
yield 5-acetvl-1-(3-ethoxvcarbonvhphenvlbenzimidazole (16.4 g, 91%). 

5 The above ester (10 g, 32.5 mmol) was dissolved in dimethoxyethane (200 

ml) and aqueous sodium hydroxide (100 ml, 1M) was added. The mixture was heated to 
80°C for 1 hour and the organic solvent was removed under reduced pressure. The 
residue was diluted with ice-water (100 ml) and mixture was neutralized by addition of 
glacial acetic acid. The precipitate was filtered off, washed with water and dried to yield 

10 5-acetyl-1-(3-carboxvphenv0benzimidazole (7.56 g, 83%). 

This acid (4.66 g, 16.64 mmol) was suspended in anhydrous, peroxide free 
THF (50 ml) and heated to reflux. Carbonyldiimidazole (5.4 g, 33.28 mmol) was added 
in portions over 3 hours. Reflux was continued overnight. The solvent was removed 
under reduced pressure and the residue was triturated with diethyl ether to leave the 

15 crude 5-acetvl-1-(3-carboxvimidazolide)phenvlbenzimidazole (6.9 g), contaminated with 
imidazole and carbonyldiimidazole. 

To a solution of 1-methyl-4-hydroxypiperidine (1.06 ml, 9.1 mmol) in a mix- 
ture of anhydrous THF (5 ml) and anhydrous DMF (5 ml) was added sodium hydride 
(0.36 g 60% dispersion in mineral oil, 9.1 mmol) at ambient temperature. When the 

20 evolution of hydrogen had ceased, the above crude imidazolide (1.5 g) was added and 
the mixture was heated to 40°C overnight. The cooled mixture was filtered and the filter- 
cake was washed with THF. The combined filtrate and washings was diluted with water 
and extracted with ethyl acetate. The organic extract was dried over sodium sulfate and 
concentrated by evaporation of solvent, and the residue was purified by column- 

25 chromatography using a mixture of dichloromethane, methanol and aqueous ammonia 
(90:10:1 v/v/v) as the eluent. This procedure yielded 5-acetvl-1 -(3-(1 -methvl-4- 
piperidvloxvcarbonvnphenvDbenzimidazole (0.56 g, 33%), which was treated with O-/- 
propylhydroxylamine, hydrochloride (0.17 g, 1.52 mmol) in refluxing ethanol (5 ml) over- 
night. Evaporation of solvent left a crude product, which upon column-chromatography 

30 in silica gel using a mixture of dichloromethane, methanol and aqueous ammonia 
(90:10:1 v/v/v) as the eluent yielded pure 5ai (80 mg). M.p. 106-107°C. 
The following compounds were prepared analogously: 



f 
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5-AcetvH -(3-(1 -methvl-3-piperidvloxvcarbonvl)phenvl)benzimidazole O-/- 
propyl oxime (5a 2 ). M.p. 83-84°C; and 

5-Acetvl-1"(3-(2-picolvloxvcarbonvl)phenvnbenzimidazole O-Aoropvl oxime 
(5a 3 ). M.p. 104-106°C. 

5 

Example 27 

5-Acetvl-1 -(3-(1 -methvlpiperidin-3-vl)phenvl)benzimidazole was prepared as 
described in Example 12. From this ketone the following O-alkylated oximes were pre- 
pared by treatment with the appropriate O-alkylated hydroxylamines under standard 
10 conditions: 

5-AcetvH -(3-(1 -methvlpiperidin-3-vl)phenvl)benzimidazole O- 

(ethoxvcarbonvl-methvl) oxime. hydrochloride (5bi). M.p. 73-75°C; 

5-Acetvl-1 -(3-(1 -methvlpiperidin-3-vl)phenvl)benzimidazole (> 

(methoxycarbonvlmethyl) oxime (5b 2 ). M.p. 104-106°C; and 

15 5-Acetvl-1 -(3-(1 -methvlpiperidin-3-vQphenvl)benzimidazole O- 

(methoxvcarbonvl-(dimethvl)methvO oxime (5b 3 ). M.p. 1 13-1 15°C. 

Example 28 

5-Acetvl-1-(3-(4-(2-hvdroxvethvnpiperazin-1-yl)phenvl)benzimidazole was 
20 prepared as described in Example 12. From this ketone the following O-alkylated ox- 
imes were prepared by treatment with the appropriate O-alkylated hydroxylamines un- 
der standard conditions: 

5-Acetvl-1-(3-(4-(2-hvdroxvethvl)piperazin-1-vnphenvl)benzimidazole O- 
(methoxv-carbonvlmethvO oxime (5ci). M.p. 117-1 19°C; 

25 5-Acetvl-1-(3-(4-(2-hvdroxvethvl)piperazin-1-vnphenvnbenzimidazol Qz 

(ethoxv-carbonvlmethvl) oxime, hydrochloride (5c 2 ). 1 H-NMR (CDCI 3 , 500 MHz): 1.23 
ppm (t, 3H), 2.36 ppm (s, 3H), 2.66 ppm (t, 2H), 2.74 ppm (broad, 4H), 3.30 ppm (t, 4H), 
3.67 ppm (t, 2H), 4.17 ppm (q, 2H), 4.70 ppm (s, 2H), 6.92 ppm (W, 3H), 7.37 ppm (t, 
1H), 7.43 (d, 1H), 7.67 ppm (d, 1H), 8.01 ppm (s, 1H), 8.05 ppm (s, 1H); and 
30 5-Acetvl-1 -(3-(4-(2-hvdroxvethvnpiperazin-1 -vDphenvnbenzimidazole O- 

(ethoxv-carbonvlfdimethyl)methvl) oxime. hydrochloride (5c 3 ). 1 H-NMR (DMSO-d 6f 500 
MHz): 1 .16 ppm (t, 3H), 1 .52 ppm (s, 6H), 2.32 ppm (s, 3H), 3.1 1 ("m", 4H), 3.33 ppm (t, 
2H), 3.60 ppm (d, 2H), 3.81 ppm ("s M , 2H), 3.96 ppm (d, 2H), 4.12 ppm (q, 2H), 7.22 
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ppm (d, 1H), 7.25 ppm (d, 1H), 7.40 ppm (s, 1H), 7.78 ppm (d, 1H) t 7.86 ppm (d, 1H), 
8.08 ppm (s, 1H), 9.73 ppm (s, 1H), 11.00 ppm (broad, 1H). 

Example 29 

5 5"Acetvl-1-(3"f4-(ethoxvcarbonvlmethvnpiperazin-1-vnphenvnbenzimidazole 
oxime (5di) was prepared from 1b and 2e under the conditions described in Example 
12. M.p. 154-156°C; and 

5-AcetvM-(3'(4'(ethoxycarbonvlmethvl)piperidin-1'Vl)phenv0benzimidazole 

0- ethvl oxime (5d 2 ). M.p. 1 19-120°C was prepared analogously. 

10 

Example 30 

5-Acetvl-1 -(3-( 1 -acetvlpiperazin-4-vl)phenvhbenzimidazole and 5-acetvl-1-(3- 
(4-morfolinvl)phenvl)benzimidazole were prepared as described in Example 12. From 
these ketones the following O-alkylated oximes were prepared by treatment with the 
15 appropriate O-alkyl hydroxy lamines under standard conditions: 

5-Acetvl>1-(3-(1-acetvlpiperazin'4-vl)phenvnbenzimidazole O- 

(methoxvcarbonvKdimethvnmethvh oxime (5ei). M.p. 119-120°C; 

5-Acetvl-1 -(3-(1 -acetvlpiperazin-4-vQphenvnbenzimidazole <> 

(methoxvcarbonvl-methyl) oxime (5e 2 ). M.p. 137-139°C; and 
20 5-Acetvl-1-(3-(4-morfolinvl)phenvl)benzimidazole O-(methoxycarbonvlmethvl) 

oxime (Sea). M.p. 149-150°C. 

Example 31 

5"Acetvl-1-(3-(4-(methoxvcarbonvlmethvl)piperazin-1- 

25 vDphenvObenzimidazole O-Z-propvl oxime (5fi). To a solution of 5-acetyl-1-(3-(1- 
acetylpiperazin-4-yl)phenyl)benzimidazole (see Example 12) (8.3 g, 23.0 mmol) in di- 
methoxyethane (140 ml) was added aqueous sodium hydroxide (70 ml, 1M) and the 
mixture was heated to 80°C overnight. The organic solvent was removed under reduced 
pressure and the residue was diluted with water and extracted with dichloromethane. 

30 The organic phase was concentrated and purified by column-chromatography on silica 
gel using a mixture of dichloromethane, methanol and aqueous ammonia (90:10:1 v/v/v) 
as the eluent. The concentrated eluate was triturated with diethyl ether to yield 5-acetyl- 

1- (3-(piperazin-1-yl)phenyl)benzimidazole (4.81 g, 65%) as red crystals. This product 
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(2.0 g, 6.25 mmol) was dissolved in refluxing ethanol (20 ml). O- 
Isopropylhydroxylamine, hydrochloride (0.7 g, 6.25 mmol) was added and reflux was 
continued for 5 hours. The reaction mixture was evaporated to dryness and the residue 
was partitioned between aqueous sodium hydroxide (1M) and dichloromethane. The 
organic phase was dried and concentrated and eluted through silica gel with a mixture 
of dichloromethane, methanol and aqueous ammonia (90:10:1 v/v/v) to yield 5-acetvl-1- 
(3-(1-piperazinvDphenvD-benzimidazole Q-/-propvl oxime (1.75 g, 74%). This product 
was alkylated with methyl bromoacetate in anhydrous DMF on the presence of triethy- 
lamine at room temperature to yield 5fi (0.48 g, 77%). M.p. 120-1 21 °C. 

Alkylation with diethyl ethoxymethylenemalonate afforded 5-acetvM-(3-(4- 
(2.2-bis(ethoxvcarbonvl)ethenvl)piperazin-1-vl)phenvl)benzimidazole Q-/-propyl oxime 
(5f 2 ). M.p. 128-129°C. 

Example 32 

5-Formvl-1 -(3-(4-methvlpiperazin-1 -vDphenvDbenzimidazole and 5-formvl-1- 
(3-(4-morfolinvDphenyl)benzimidazole were prepared as described in Example 11. 
These aldehydes were condensed with 0-(methoxycarbonyl(dimethyl) 
methyl)hydroxylamine under standard conditions to yield: 

5-Formvl-1 -(3-(4-methvlpiperazin-1 -vDphenvDbenzimidazole (> 

(methoxvcarbonvl-fdimethvDmethvD oxime. hydrochloride (SaO. M.p. 1 99-201 °C; and 

5-Formvl-1-(3-(4-morfolinvDphenvDbenzimidazole (> 

(methoxvcarbonvDdimethvD-methvD oxime. hydrochloride (So*). M.p. 175-177°C. 

Example 33 

5-(5-lsoxazolvD-1-(3-(methoxvcarbonvDphenvDbenzimidazole (6a!): To a 
suspension of 5-acetyl-1-(3-(methoxycarbonyl)phenyl)benzimidazole (prepared in anal- 
ogy with Example 26) (0.6 g, 2.04 mmol) in anhydrous DMF (5 ml) was added di- 
methylformaldehyde dimethylacetal (0.43 ml, 3.24 mmol) and the mixture was heated to 
120°C under a stream of nitrogen overnight. The cooled mixture was poured into ice- 
water (25 ml) and the precipitate was filtered off and purified by column- 
chromatography on silica gel using a mixture of ethyl acetate and methanol (9:1 v/v) as 
the eluent to yield 5-(3-dimethvlaminopropenovD-1-(3-(ethoxvcarbonvDphenvn- 
benztmidazole (0.44 g, 62%). 
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The above intermediate (0.42 g, 1.2 mmol) was suspended in methanol (10 
ml) and hydroxylamine, hydrochloride (0.21 g, 3 mmol) was added. The mixture was 
heated to reflux for 2 hours. The cooled mixture was poured into ice-water and the pre- 
cipitate was filtered off, washed with water and dried. This crude product was chroma- 
5 tographied on silica gel using ethyl acetate as the eluent to yield 6ai (0.2 g, 52%). M.p. 
190-191°C. 

The following compound was prepared analogously: 

5-(5-lsoxazolvlH -(3-ethoxvcarbonvQphenvl benzimidazole (6a 2 ). M.p. 156- 

157°C. 

10 

Example 34 

1-(3-Ethoxvcarbonvl)phenvl-5-phenvlbenzimidazote (6b!): To a suspension of 
1e (8.0 g, 36.9 mmol) and ethyl 3-aminobenzoate (6.1 g, 36.9 mmol) in anhydrous NMP 
(5 ml) was added triethylamine (5.1 ml, 36.9 mmol) and the mixture was stirred in a 

15 nitrogen atmosphere at 140°C overnight. The cooled reaction mixture was diluted with 
water (50 ml) and extracted with ethyl acetate (3 x 20 ml). The organic extracts were 
dried over sodium sulfate and concentrated under reduced pressure. The product pre- 
cipitated from the residue upon trituration with a mixture of diethyl ether and petroleum 
ether (1:1). Yield of ethyl N-(3-nitrobiphenvl-4-vnaminobenzoate : 7.46 g (56%). 

20 This ester was quantitatively hydrogenated in ethanol at ambient pressure 

using Pd (5% on activated carbon) as the catalyst. The resulting diamine was treated 
with formic acid (50 ml) at 80°C for 1 hour. The cooled reaction mixture was poured into 
ice-water (200 ml) and was rendered alkaline by addition of aqueous sodium hydroxide 
(10M). The mixture was extracted with ethyl acetate and the extract was dried over so- 

25 dium sulfate and evaporated to dryness. The residue was triturated with a mixture of 
petroleum ether and diethyl ether (9:1) to leave 6bi (5.8 g, 85%). M.p. 122-123°C. 
The following compound was prepared analogously from 1e and 2e: 
5-Phenvl-1-(3-(4-ethoxvcarbonvlmethvl)piperazin-1-vl)phenyl)benzimidazole 
(6b 2 ). M.p. 121-122°C. 

30 

Example 35 

5-Phenvl-1-(3-(2-picolvloxvcarbonvl)phenvnbenzimidazole (6b 3 ): To a solu- 
tion of 6bi (5.30 g, 15.5 mmol) in dimethoxyethane (100 ml) was added aqueous sodi- 
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umhydroxide (50 ml, 1M) and the mixture was heated to 40°C for 2 hours. The organic 
solvent was removed by evaporation and the residue was diluted with an equal volume 
of water and acidified by addition of glacial acetic acid. The precipitate was filtered off, 
washed with water and dried to yield 5-phenvl-1-(3-carboxvphenvl)benzimidazole (4.26 
5 g, 88%). M.p. 289-291 °C. 

This acid was treated with thionyl chloride (25 ml) at 80°C for 2 hours. Ex- 
cess thionyl chloride was removed by evaporation and the residue was triturated with 
diethyl ether to leave the corresponding carboxylic acid chloride, quantitatively. 

To a suspension of the above carboxylic acid chloride (1.0 g, 3 mmol) in an- 
10 hydrous THF (10 ml) was added 2-pyridylcarbinol (0.29 ml, 3 mmol) and the mixture 
was stirred in a nitrogen atmosphere at 40°C overnight. The solvent was removed under 
reduced pressure, and the residue was stirred in aqueous sodium bicarbonate (1M). 
The precipitate was filtered off, washed with water and dried. Column-chromatography 
on silica gel using a mixture of ethyl acetate and methanol (9:1 v/v) as the eluent af- 
15 forded 6b 3 (0.29 g, 24%). M.p. 149-1 50°C. 

The following compounds were prepared analogously: 

5-PhenvH -(3-f3-picolvloxvcarbonvl)phenvl)benzimidazole, hydrochloride 
(6b 4 ). M.p. 195-197°C; 

5-PhenvH -(3-M ■methvlpiperid-3-vloxvcarbonvnphenvnbenzimidazole. hv- 
20 drochloride (6b 5 ). M.p. 180-1 91 °C; and 

5-PhenvH -(3-(( 1 -methvlpiperid-4-vl)oxvcarbonvl)phenvnbenzimidazole. hy- 
drochloride (6b 6 ). M.p. 1 87-1 88°C. 

Example 36 

25 5-(3-furanvl)-1-(3-(ethoxvcarbonvhphenvhbenzimidazolef6ci)T o a solution of 

1d (2.07 g, 10 mmol) in NMP (2 ml) was added ethyl 3-aminobenzoate (1.82 g, 11 
mmol) and triethylamine and the mixture was heated to 1 10°C in a nitrogen atmosphere 
overnight. The mixture was diluted with ice-water and extracted with ethyl acetate . The 
concentrated extract was purified by column-chromatography on silica gel using a mix- 

30 ture of petroleum ether and ethyl acetate (9:1 v/v) to yield ethyl 3-(N-(4-(3-furanvH-2- 
nitrophenv maminobenzoate (1.18 g, 34%). This ester was hydrogenated in ethanol at 
ambient pressure using Pd (5% on activated carbon) as the catalyst. The resulting dia- 
mine (1 .07 g) was treated with triethyl orthoformate (1.11 ml, 6.64 mmol) and a catalytic 
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amount of pTSA in refluxing THF (10 ml). Column-chromatographic work-up of the con- 
centrated reaction mixture using ethyl acetate as the eluent afforded 6ci (0.66 g, 56%). 
M.p. 87-89°C. 

From some preparations the following by-product was isolated: 
5 S-O-TetrahvdrofuranvlVI-O-fethoxvcarbonvhphenvnbenzimidazole, hydro- 

chloride (6C2). M.p. 168-171°C. 

The following compounds were prepared analogously from 1d and 2e, 2g, 21, 
2m, 2n and 2-(dimethylamino)ethyl 3-aminobenzoate, respectively: 
5-(3-Furanvh-1 -(3-(4-(ethoxvcarbonvlmethvl)piperazin-1 - 
10 vDphenvDbenzimidazole (6c 3 ). M.p. 110-112°C; 

5-(3-FuranvO-1 -(3-(4-( f-butoxvcarbonvl)piperazin-1 -vQphenyQbenzimidazole 
(6c 4 ). M.p. 162-164°C; 

5-(3-Furanvl)-1-(3-(4-(methoxvcarbonvlmethvl)piperazin-1- 
vhphenvObenzimidazole (6c 5 ). M.p. 124-125°C; 
15 5-(3-Furanvn-1-(3-(4-(2,2-bis(ethoxvcarbonvl)ethenvnpiperazin-1-vl)phenvl)- 
benzimidazole (6c 6 ). M.p. 97-1 02°C; 

5-(3-Furanvl)-1-(3-(4-(2-(methoxvcarbonvl)ethenvnpiperazin-1-vl)phenvn- 
benzimidazole (6c 7 ). M.p. 131-133°C; and 

5-(3-Furanvl)-1-(3-(2-(dimethvlamino)ethvloxvcarbonvl)phenvnbenzimidazole. 
20 hydrochloride (6c fl ). M.p. 168-1 71 °C. 

Example 37 
Biological Activity 

Tissue Preparation : Preparations are performed at 0-4°C unless otherwise 

25 indicated. 

Cerebral cortex from male Wistar rats (150-200 g) is homogenized for 5-10 
sec in 20 ml Tris-HCI (30 mM, pH 7.4) using an Uitra-Turrax homogenizer. The sus- 
pension is centrifuged at 27,000 x g for 15 min, and the pellet is washed three times 
with buffer (centrifuged at 27,000 x g for 10 min). The washed pellet is homogenized in 
30 20 ml of buffer and incubated on a water bath (37°C) for 30 min to remove 
endogenous GABA and then centrifuged for 10 min at 27,000 x g. The pellet is then 
homogenized in buffer and centrifuged for 10 min at 27,000 x g. The final pellet is 
resuspended in 30 ml buffer and the preparation is frozen and stored at -20°C. 
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Assay: The membrane preparation is thawed and centrifuged at 2°C for 10 
min at 27,000 x g. The pellet is washed twice with 20 ml 50 mM Tris-citrate, pH 7.1 
using an Ultra-Turrax homogenizer and centrifuged for 10 min at 27,000 x g. The final 
pellet is resuspended in 50 mM Tris-citrate, pH 7.1 (500 ml buffer per g of original tis- 

5 sue), and then used for binding assays. Aliquots of 0.5 ml tissue are added to 25 of 
test solution and 25 of 3 H-FNM (1 nM, final concentration), mixed and incubated for 
40 min at 2°C. Non-specific binding is determined using clonazepam (1 jxM, final 
concentration). After incubation the samples are added 5 ml of ice-cold buffer and 
poured directly onto Whatman GF/C glass fibre filters under suction and immediately 

10 washed with 5 ml ice-cold buffer. The amount of radioactivity on the filters is 
determined by conventional liquid scintillation counting. Specific binding is total binding 
minus non-specific binding. 

The test value is calculated as the IC 5 o (the concentration (nM) of the test 
substance which inhibits the specific binding of 3 H-FNM by 50%). 

15 Test results obtained by testing selected compounds of the present 

invention appear from table 7, below. 

Table 7 

Biological Activity 

20 

Test compound IC50 (m<M) 
5-Acetyl-1 -[3-(1 -methylpiperidin-3-yl) 

-phenyl]benzimidazole O-ethyl oxime 0.018 

25 

5-Cyano-1 -(3-(1 -pyrrolidinyl)phenyl)benzimidazole 0,041 

5-Formyl-1 -(3-(1 -methyl-3-piperidinyl)phenyl)benzimidazole oxime 0,004 

30 5-(3-Furanyl)-1 -(3-(4-(2-hydroxyethyl)piperazin-1 -yl) 

phenyl)benzimidazole 0,005 

5-(Ethoxycarbonyl)-1-(3-(4-(methoxycarbonylmethyl) 

piperazin-1 -yl)phenyl)-benzimidazole, hydrochloride 0,050 

35 

5-(3-PicolyIoxycarbonyl)-1-(3-(1-methylpiperidin-3-yl) 

phenyl)benzimidazole 0,080 
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5-(Methoxycarbonylmethyl)-1 -(3-(4-methylpiperazin-1 -yl) 

phenyl)benzimidazole, hydrochloride 0,025 

5-Acetyl-1-(3-(2-picolyloxycarbonyl)phenyl) 

5 benzimidazole O-Z-propyl oxime 0,002 

5-AcetyM -(3-(4-(2-hydroxyethyl)piperazin-1 -yl)phenyl) 

benzimidazole O-(methoxy-carbonylmethyl) oxime 0,019 

10 5-Acetyl-1 -(3-(4-(ethoxycarbonylmethyI)piperidin-1 -yl)phenyl) 

benzimidazole O-ethyl oxime 0,027 

5-(5-lsoxazolyl)-1 -(3-ethoxycarbonyl)phenyl benzimidazole 0,003 

15 5-Phenyl-1 -(3-(2-picolyloxycarbonyl)phenyl)benzimidazole 0,008 

5-(3-Furanyl)-1-(3-(4-(2,2-bis(ethoxycarbonyl)ethenyl) 

piperazin-1 -yl)phenyl)-benzirnidazole 0,007 



20 



25 



Penylenetetrazol (PTZ, Sigma) induces clonic convulsions in mice after Lv. 
infusion. Antagonism of penylenetetrazol-induced convulsions is considered predictive 
for drugs effective against various forms of epilepsia. The compounds of the present 
invention inhibits PTZ induced convulsions in mice at low doses. 

Example 38 
Biological Activity 

In vivo inhibition of 3 H-flunitrazepam (r3H1FNM> Binding 

[ 3 H]FNM can be used for In vivo receptor labelling studies in mouse. 

30 Accumulation of [ 3 H]FNM binding will occur all over the brain as GABA A receptors are 
widely distributed. The specific binding of [ 3 H]FNM can be partly or completely 
prevented by simultaneous or prior administration of pharmacologically active 
benzodiazepines or by some benzodiazepine-like compounds. 

Method: All test substances used are solutions prepared in 10% Tween 80. 

35 Groups of three female NMRI mice (25g) are injected Lv. via the tail vein with S.OmCi 
of [3H]FNM in 0.2 ml saline. 15 min. after injection with [ 3 H]FNM the test substance is 
administered i.v. Twenty min after injection with [ 3 H]FNM, mice are killed by 
decapitation, the forebrains rapidly excised and homogenized in 12 ml of ice-cold 50 
mM Tris-citrate, pH 7,1 using an Ultra-Turrax homogenizer. Three aliquots of 1 ml are 
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immediately filtered through GF/C glass fiber filters and washed with 2 x 5 ml of ice- 
cold buffer. 

The amounts of radioactivity on the filters and in 200 mL of the homogenate 
are determined by conventional scintillation counting. Groups of untreated mice serves 
5 as controls. 

To determine non-specific binding groups of mice are injected with 
clonazepam (25 mg/kg) i.p. 10 min before [ 3 H]FNM injection. Specific binding is the 
amount of binding in controls minus the amount of binding in clonazepam treated 
mice. 

10 Results : The ED 50 value is determined from dose response curves. The 

results show that the compounds of the present invention have a very favorable kinetic 
behavior. 
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CLAIMS 



A chemical compound represented by the general formula (I): 




CH 2 ) 0 — R 1 



5 



10 



15 



20 



in which formula (I), 
o is 0, 1, 2 or 3; 

R 1 represents an alkyl group, a phenyl group, or a monocyclic heterocyclic group, 
which groups may be substituted one or more times with substituents selected 
from alkyl, cycloalkyl, cycloalkyl-alkyl, alkoxy, halogen, trifluoromethyl, cyano, 
amino, and nitro; 

or R 1 represents a cyano group, or a group of the formula -alkyl-C0 2 R 2 , alkenyl- 
C0 2 R 2 , -CO-R 2 , -C0 2 (CH 2 )mR 2 , or -C(R 3 )=N-OR 2 , in which formulas 
m is 0, 1 , 2 or 3; 

R 2 and R 3 independently represents hydrogen, alkyl, alkenyl, alkynyl, 
phenyl, benzyl, a 5- or 6-membered heterocyclic group, which 5- or 6- 
membered heterocyclic group may optionally be substituted one or more 
times with substituents selected from alkyl, hydroxy, alkoxy, halogen, 
trifluoromethyl, cyano, amino, or nitro; 

or R 2 and R 3 may independently represent a group of the formula -(CH 2 ) q - 
NR 4 R 5 , -(CH 2 ) q -CON(R 4 R 5 ), -(CH 2 ) q -C0 2 R 4 , or -alkyl-C0 2 R 4 , in which 
formulas 

R 4 and R 5 independently represent hydrogen or alkyl; and 
q is 0,1,2 or 3; 
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R 11 represents a group of the general formula -CO2-R 9 , wherein 

R 9 represents hydrogen or alkyl, which alkyl may optionally be substituted 
with a 5- or 6-membered heterocyclic group, which 5- or 6-membered 
heterocyclic group may optionally be substituted one or more times with 
substituents selected from alkyl, hydroxy, alkoxy, halogen, trifluoromethyl, 
cyano, amino, or nitro; 

or R 9 may be a 5- or 6-membered heterocyclic group, which 5- or 6- 
membered heterocyclic group may optionally be substituted one or more 
times with substituents selected from alkyl, hydroxy, alkoxy, halogen, 
trifluoromethyl, cyano, amino, or nitro; 

or R 9 represent a group of the general formula -alkyl-N(R 10 R 12 ), in which 
formula 

R 10 and R 12 independently represent hydrogen or alkyl; 
or R 11 represents a group of general formula (II): 



CH 2 ) n 
R' R" 

in which formula (II), 
n is 0, 1, 2, or 3; 

R' and R" each independently represents hydrogen or alkyl; 

or R' and R" together with the N atom to which they are attached form a 5- 
to 7-membered heterocyclic ring, which heterocyclic ring may optionally 
comprise as a ring member, one oxygen atom, and/or one additional 
nitrogen atom, and/or a -CH=CH- chain; 
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and in which formula the 5- to 7-membered heterocyclic ring formed by R' 
and R" may optionally be substituted one ore more times with a group of 
the formula -(CH 2 ) P X, wherein 
p is 0, 1, 2 or 3; 

X represents hydrogen, hydroxy, alkyl or alkenyl, which alkyl and 
alkenyl may optionally be substituted one or more times with a group 
of the formula -C0 2 R 6 ; 

or X represents a group of the formula -CO-R 6 , -C0 2 -R 6 , -CON-R 6 R 7 , 
or -COO-R 6 -NR 7 R 8 , in which formulas 

R 6 , R 7 and R 8 independently represents hydrogen or alkyl; 

or R 11 may represent a group of the general formula (III): 



(CH 2 ) n 

R' R MI 

in which formula (III), 

n is 0, 1, 2 or 3; 

R' is hydrogen or alkyl; 

R'" and R" M together with the atoms to which they are attached form a 5- to 
7-membered heterocyclic ring, which heterocyclic ring may optionally 
comprise as a ring member, one oxygen atom, and/or one additional 
nitrogen atom, and/or a -CH=CH- chain; 

and in which formula the 5- to 7-membered heterocyclic ring formed by R ,n 
and R' m may optionally be substituted one ore more times with a group of 
the formula -(CH 2 ) P X, wherein 
p is 0, 1, 2 or 3; 
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X represents hydrogen, hydroxy, alkyl or alkenyl, which alkyl and 
alkenyl may optionally be substituted one or more times with a group 
of the formula -C0 2 R 6 ; 

or X represents a group of the formula -CO-R 6 , -CO2-R 6 , -CON-R 6 R 7 , 
or -COO-R 6 -NR 7 R 8 , in which formulas 

R 6 , R 7 and R 8 independently represents hydrogen or alkyl; 

or a pharmaceutical^ acceptable salt thereof or an oxide thereof. 

2. The chemical compound according to claim 1 , wherein 
o is 0; and 

R 1 represents a Ci-4-alkyl group, a cyano group, a phenyl group, a furanyl 
group, a tetrahydrofuranyl group, an isoxazolyl group, or an oxadiazolyl 
group; 

or R 1 represents a Ci. 4 -alkenyl group substituted with C0 2 -Ci-4-alkyl; 

or R 1 represents a group of the formula -C0 2 R 2 , in which formula 

R 2 represents hydrogen, a Ci. 4 -alkyl group, or a -C 3 -5-cyclo-Ci. 4 -alkyl 
group, a benzyl group, a picolyl group, a pyrrolidyl group, a pyrrolidyl- 
methyl group, or a pyridyl group, which groups may be substituted with 
a Ci.3-alkyl group; 

or R 2 may represent a group of the formula -(CH 2 ) P -NR 4 R 5 , or -(CH 2 ) P 
-CO-NR 4 R 5 , in which formulas 
p is 0, 1, or 2; 

R 4 and R 5 each independently represents hydrogen or a Ci- 4 - 
alkyl group; 

or R 2 may represent a group of the formula -C(R 3 )=N-OR 4 , in which 
formula 

R 3 and R 4 each independently represents hydrogen or a C1-4- 
alkyl group; 

or R 1 represents a group of the formula -C(R 3 )=N-OR 4 , in which formula 
R 3 represents hydrogen or a d-4-alkyl group; 

and R 4 represents hydrogen, a Ci- 4 -alkyl group, or a Ci^-alkyl-CO^d. 
4 -alkyl group. 
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3. The chemical compound according to claim 1 , wherein 

o is 1 , 2 or 3; and 

R 1 represents a phenyl group, or a group of the formula -C0 2 R 4 , in which 
formula 

R 4 represents hydrogen or a Ci- 4 -alkyl group. 

4. The chemical compound according to claim 2, wherein 

o is 0; and 

R 1 is 3-furanyl, 3-tetrahydro-furanyl, 5-isoxazolyl, 3-cyclopropyM ,2,4- 
oxadiazol-5-yl, -CHNOH, -C(CH 3 )NOH, -C(CH 3 )NO-CH 3 , -C(CH 3 )NO-C 2 H 5 , - 
C(CH 3 )NO-isopropyl, -C(CH 3 )NO-t-butyl, -C(CH 3 )NO-CH 2 C0 2 CH 3 , - 
C(CH 3 )NO-CH 2 C0 2 C 2 H 5 , -CHNO-C(CH 3 ) 2 C0 2 CH 3 , -C(CH 3 )NO- 

C(CH 3 ) 2 C0 2 CH 3 , -C(CH 3 )NO-C(CH 3 ) 2 C0 2 C 2 H 5 , -C(CH 3 ) 2 C0 2 CH 3> - 
C(CH 3 ) 2 C0 2 C 2 H 5 , -C0 2 CH 3 , -C0 2 C 2 H 5 , -C0 2 CH(CH 3 ) 2 , -C0 2 (CH 2 ) 2 N(CH 3 ) 2l 
-C0 2 (CH 2 ) 2 N(C 2 H 5 ) 2 , -C0 2 -CH 2 -cyclopropyl, (N,N-diethyl-carboxamido)- 
methyl, 3-picolyl, or 1-methyl-2-pyrrolidyl-methyl. 



5. The chemical compound according to claim 2, wherein 
o is 1, 2 or 3; and 

R 1 is -C0 2 CH 3 , -C0 2 C 2 H 5 , -C0 2 CH(CH 3 ) 2 , -C0 2 CH 2 -cyclopropyl, -CHNO- 
CH 3 , -CHNO-C 2 H 5 , -CHNO-C 3 H 7 , -CHNO- isopropyl, -C(CH 3 )NO-CH 3 , - 
C(CH 3 )NO-C 2 H 5 , -C(CH 3 )NO-C 3 H 7 , -C(CH 3 )NO-isopropyl, -C(CH 3 )NO-C 4 H 9 , 
-C(CH 3 )NO-tert. butyl, -C0 2 CH 2 N(CH 3 ) 2 , -C0 2 CH 2 N(C 2 H 5 ) 2 , 2(dimethyl- 
amino)ethyl, (N,N-diethyl-carboxamido)-methyl, or 3-picolyl. 



6. The chemical compound according to any of claims 1-5, wherein 

R 11 represents a Ci- 4 -alkyl-oxycarbonyl group, an amino-Ci. 4 -alkyI- 
oxycarbonyl group, an N-Ci^-alkyl-amino-d^-alkyl-oxycarbonyl group, an 
N,N-di-(Ci. 4 -alkyl)-amino-Ci^-alkyl-oxycarbonyl group, a piperidinyl group, 
an oxycarbonyl-piperidinyl group, a pyrrolidinyl group, a pyrrolidinyl-C^- 
alkyl group, a piperazinyl group, a morpholinyl group, a homopiperazinyl 
group, a pyridyl group, a tetrahydropyridyl group, a picolyl group, a 
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oxycarbonyl-picolyl group, which groups may optionally be substituted one 
or more times with substituents selected from Ci-4-alkyl, Ci- 4 -alkyl-oxy, C1-4- 
alkyl-oxycarbonyl, Ci- 4 -aIkyl-oxycarbonyl-Ci. 4 -alkyl, d-4-alkenyl- 
oxycarbonyl-Ci.4-alkyl, Ci-4-alkenyl-(oxycarbonyl-Ci-4-alkyl) 2 , acetyl, 
hydroxy-Ci. 4 -alkyl, carboxamido, N-Gi. 4 -alkyl-carlDoxamido-Ci-4-alkyl, or 
N^-di-Ci^-alkyl-carboxamido-Ci^-alkyl. 



The chemical compound according to claim 6, wherein 

R 11 is 1-piperidinyl, 1-pyrrolidinyl, 4-methyI-1 -piperazinyl, 1-methyl-3- 
piperidinyl, (1 -methyl-4-piperidinyl)oxycarbonyl, (1 -methyl-3- 

piperidinyl)oxycarbonyl, 2-picolyl-oxycarbonyl, 3-picolyl-oxycarbonyl, 4- 
morpholinyl, 1 -acetyl-4-piperazinyl, 4-(2-hydroxyethyl)piperazin-1 -yl, (1 - 
pyrrolidinyl)methyl, 4-methylhomopiperazin-1 -yl, 1 -methyl-1 ,2,3,6- 
tetrahydropyrid-5-yl, 4-(N,N-diethyl-carboxamidomethyl)-piperazin-1-yl, 4- 
(N,N-dimethyl-carboxamidomethyl)-piperazin-1-yl f 4- 
(methoxycarbonylmethyl)-l -piperazinyl, 4-(ethoxycarbonylmethyl)-1 - 

piperazinyl, 4-(f-butoxycarbonylmethyl)-1 -piperazinyl, 4- 

(diethylcarboxamido-methyl)piperazin-l-yl, 4-(2,2-bis(ethoxycarbonyl)- 
ethenyl)piperazin-1 -yl, 4-(2-methoxycarbonyl-ethenyl)piperazin-1 -yl, 

methoxycarbonyl, ethoxycarbonyl, 2-amino-ethoxycarbonyl, 2-(N- 
methylamino)ethoxycarbonyl, or 2-(N,N-dimethylamino)ethoxycarbonyl. 



The chemical compound according to claim 1 , which is, 

5-Cyano-1-(3-(1-piperidyl)phenyl)benzimidazole (compound 3a); 
5-Cyano- 1 -(3-( 1 -pyrrolidinyl)phenyl)benzimidazole (compound 3a 2 ) ; 
5-Cyano-1 -(3-(4-methyl-1 -piperazinyl)phenyl)benzimidazole (compound 
3a 3 ); 

5-Cyano-1 -(3-(1 -methyl-3-piperidinyl)phenyl)benzimidazole 
(compound 3a 4 ); 

5-Cyano-1-(3-(4-morfolinyl)phenyl benzimidazole (compound 3a 5 ); 
5-Formyl-1-(3-(1-piperidinyl)phenyl)benzimidazole oxime (compound 3bi); 
5-Formyl-1-(3-(1-pyrrolidinyl)phenyl)benzimidazole oxime (compound 3b 2 ): 
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5-Formyl-1 -(3-(4-methyM -piperazinyl)phenyl)benzimidazole oxime 
(compound 3b3); 

5-Formyl-1 -(3-(1 -methyl-3-piperidinyl)phenyl)benzimidazole oxime 
(compound 3b 4 ); 

5-Formyl-1 -(3-(1 -piperidinyl)phenyl)benzimidazole O-isopropyl oxime 
(compound 3c); 

5-FormyM -(3-(1 -piperidinyI)phenyl)benzimidazole O-methyl oxime 
(compound 3d); 

5-Acetyl-1 -(3-(1 -acetylpiperazin-4-yl)phenyl)benzimidazole oxime 
(compound 3ei); 

5-Acetyl-1 -(3-(4-(2-hydroxyethyI)piperazin-1 -yl)phenylbenzimidazole oxime 
(compound 3e 2 ); 

5-Acetyl-1 -(3-(4-(2-hydroxyethyi)piperazin-1 -yl)phenylbenzimidazole O-ethyl 
oxime (compound 3fi); 

5-Acetyl-1 -(3-(4-methylpiperazin-1 -yl)phenyI)benzimidazole O-ethyl oxime 
(compound 3f 2 ); 

5-Acetyl-1 -(3-(1 -pyrrolidinylmethyl)phenyl)benzimidazole O-ethyl oxime 
(compound 3f 3 ); 

5-Acetyl-1 -(3-(4-methylhomopiperazin-l-yl)benzimidazo!e O-ethyl oxime 
(compound 3f 4 ); 

5-Acetyl-1-(3-(1-pyrrolidinyl)phenyl)benzimidazole O-ethyl oxime 
(compound 3f 5 ); 

5-Acetyl-1-(3-(1-piperidinyI)phenyl)benzimidazole O-ethyl oxime (compound 
3f 6 ); 

5-Acetyl-1 -(3-(1 -methyl-3-piperidinyl)phenyl)benzimidazole O-ethyl oxime 
(compound 3f 7 ); 

5-Acetyl-1-(3-(1-methyl-1,2 l 3,6-tetrahydropyrid-5-yl)phenyl)benzimidazole 
O-ethyl oxime (compound 3f 8 ); 

5-Acetyl-1 -(3-(1 -methylpiperidin-3-yl)phenyl)benzimidazole O-isopropyl 
oxime (compound 3gi); 

5-Acetyl-1-(3-(4-(2-hydroxyethyl)piperazin-1-yl)phenyl)benzimidazole O- 
isopropyl oxime (compound 3g 2 ); 



98/17651 



77 



PCT/DK97/00462 



5-AcetyM -(3-(4-acetylpiperazin-1 -yl)phenyl)benzimidazole O-isopropyl 
oxime (compound 3g3); 

5-Acetyl-1 -(3-(4-(2-hydroxyethyl)piperazin-1 -yl)phenyl)benzimidazole O-t- 
butyl oxime (compound 3h); 

5-(3-Furanyl)-1 -(3-(4-methylpiperazin-1 -yl)phenyl)benzimidazole (compound 

311) ; 

5-(3-Furanyl)-1-(3-(1-methylpiperidin-3-yl)phenyl)benzimidazole (compound 

31 2 ) ; 

5-(3-Furanyl)-1-(3-(4-(2-hydroxyethyl)piperazin-1-yl)phenyl)benzimidazole 
(compound 3i3>; 

5-(3-Furanyl)-1-(3-(4-(diethylcarboxamidomethyl)piperazin-1- 
yl)phenyl)benzimidazole (compound 3i 4 ); 

5-Phenyl-1 -(3-(4-methylpiperazin-1 -yl)phenyl)benzimidazole (compound 
3ji): 

5-Phenyl-1-(3-(1-methylpiperidin-3-yl)phenyl)benzimidazole (compound 3j 2 ): 
5-(3-Cyclopropyl-l,2 f 4-oxadiazol-5-yl)-1-(3-(1-methylpiperidin-3-yI)phenyl)- 
benzimidazole (compound 3k); 

5-f-Butyl-1-(3-(1-methylpiperidin-3-yl)phenyl)benzimidazole (compound 31); 
5-(Ethoxycarbonyl)-1-(3-(1-methylpiperidin-3-yl)phenyl)benzimidazole 
(compound 4ai); 

5-(Ethoxycarbonyl)-1-(3-(4-methylpiperazin-1-yl)phenyl)benzimidazole 
(compound 4a 2 ); 

5-(Ethoxycarbonyl)-1 -(3-(4-(2-hydroxyethyl)piperazin-1 - 
yl)phenyl)benzimidazole (compound 4a 3 ); 

5-(Ethoxycarbonyl)-1-(3-(1-acetylpiperazin-4-yl)phenyl)benzimidazole 
(compound 4a 4 ); 

5-(Ethoxycarbonyl)-1-(3^4-(methoxy 
benzimidazole (compound 4a 5 ); 

5-(Ethoxycarbonyl)-1-(3-(4-(ethoxycarbonylmethyl)piperazin-1-yl)phenyl^ 
benzimidazole (compound 4a 6 ); 

5-(2-(Ethoxycarbonyl)ethenyl)-1-(3-(1-piperidyl)phenyl)benzimidazole 
(compound 4b!); 
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5-(2-(Ethoxycarbonyl)ethenyl)-1 -(3-(4-methylpiperazin-1 - 
yl)phenyl)benzimidazole (compound 4b 2 ); 

5-(2-(Ethoxycarbonyl)ethenyl)-1-(3-(4-morfolinyl)phenyl)benzimidazole 
(compound 4b 3 ); 

5-(2-(Methoxycarbonyl)ethenyl)-1 -(3-(4-methylpiperazin-1 - 
yl)phenyl)benzimidazole (compound 4c0; 

5-(2-(Methoxycarbonyl)ethenyl)-1-(3-(4-morfolinyl)phenyl)benzimidazole 
(compound 4c 2 ); 

5-(Methoxycarbonyl)-1-(3-(1-acetylpiperazin-3-yl)phenyl)benzimidazole 
(compound 4di); 

5-(Methoxycarbonyl)-1-(3-(4-methylpiperazin-1-yl)phenyl)benzimidazole 
(compound 4d 2 ); 

4- (Methoxycarbonyl)-1-(3-(4-methoxycarbonylmethyl)piperazin-1- 
yl)benzimidazole (compound 4d 3 ); 

5- (Methoxycarbonyl)-1-(3-(4-(diethy!carboxamidemethyl)piperazin-1- 
yl)phenyl)-benzimidazole (compound 4d 4 ); 

5-(Methoxycarbonyl)-1-(3-(4-morfolinyl)phenyl)benzimidazole (compound 
4d 5 ); 

5-(APropyloxycarbonyl)-1 -(3-(1 -piperidinyI)phenyl)benzimidazole (compound 
460; 

5-(/-Propyloxycarbonyl)-1-(3-(1-pyrrolidinyl)phenyl)benzimidazole 
(compound 4e 2 ); 

5-(/-Propyloxycarbonyl)-1-(3-(4-methytpiperazin-1-yl)phenyI)benzimidazole 
(compound 4e 3 ); 

5-(APropyloxycarbonyl)-1-(3-(4-morfolinyI)phenyl)benzimidazole (compound 
4e 4 ); 

5-(Cyclopropylmethyloxycarbonyl)-1-(3-(1-methylpiperidin-3- 
yl)phenyl)benzimidazo!e (compound 4f); 

5-(Benzyloxycarbonyl)-1-(3-(1-methylpiperidin-3-yi)phenyl)benzimidazole 
(compound 4g); 

5-(3-Picolyloxycarbonyl)-1-(3-(1-methylpiperidin-3-yl)phenyl)benzimidazole 
(compound 4h); 
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5-(2-((Dimethylamino)ethyl)oxycarbonyl)-1-(3-(1-acetylpiperazin-4- 
yl)phenyl)-benzimidazole (compound 4i); 
5-((2-(Dimethylamino)ethyl)oxycarbonyl)-1-(3-(4- 

(ethoxycarbonylmethyI)piperazin-1-yl)phenyl)benzimidazole (compound 4j); 
5-((N,N-Diethylcarboxamido)methyloxycarbonyl)-1-(3-(4- 
ethoxycarbonylmethyl)-piperazin-1-yl)phenyl)benzimidazole (compound 
4k n ); 

5-((N,N-diethylcarboxamido)-methyloxycarbonyl)-1-(3-(1-acetylpiperazin-4- 
yl)phenyl)benzimidazole (compound 4k 2 ); 
5-(Methoxycarbonylmethyl)-1 -(3-(4-methylpiperazin-1 - 
yl)phenyl)benzimidazole (compound 4h); 
5-(Ethoxycarbonylmethyl)-1-(3-(4-methylpiperazin-1- 
yl)phenyl)benzimidazole (compound 4I 2 ); 

5-(Methoxycarbonyl)-1-(3-(4-morfolinyl)phenyl)benzimidazole (compound 
4I 3 ); 

5-(Ethoxycarbonyl)-1 -(3-(4-morfolinyl)phenyl)benzimidazole (compound 4I 4 ); 
5-((1 -Methylpyrrolidin-2-yl)methoxycarbonyl)-1 -(3-(4- 
(ethoxycarbonylmethyl)-piperazin-1-yl)phenyl)benzimidazole (compound 
4m); 

5-Acetyl-1-(3-(1-methyl-4-piperidyloxycarbonyl)phenyl)benzimidazole O- 
isopropyl oxime (compound 5ai); 

5-Acetyl-1 -(3-(1 -methyI-3-piperidyloxycarbonyl)phenyl)benzimidazole O-/- 
propyl oxime (compound 5a 2 ); 

5-Acetyl-1-(3-(2-picolyloxycarbonyl)phenyl)benzimidazole 0-/-propyl oxime 
(compound 5a 3 ); 

5-Acetyl-1-(3-(1 -methylpiperidin-3-yl)phenyl)benzimidazole O- 
(ethoxycarbonyl-methyl) oxime (compound 5b0; 
5-Acetyl-1-(3-(1-methylpiperidin-3-yl)phenyI)benzimidazole O- 
(methoxycarbonylmethyl) oxime (compound 5b 2 ); 
5-Acetyl-1 -(3-(1 -methylpiperidin-3-yl)phenyl)benzimidazole O- 
(methoxycarbonyl-(dimethyl)methyl) oxime (compound 5b 3 ); 
5-Acetyl-1-(3-(4-(2-hydroxyethyl)piperazin-1-yl)phenyl)benzimidazole O- 
(methoxy-carbonylmethyl) oxime (compound 5ci); 
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5-Acetyl-1 -(3-(4-(2-hydroxyethyl)piperazin-1 -yl)phenyl)benzimidazol O- 
(ethoxy-carbonylmethyl) oxime (compound 5c 2 ); 

5-Acetyl-1 -(3-(4-(2-hydroxyethyl)piperazin-1 -yl)phenyl)benzimidazole O- 
(ethoxy-carbonyl(dimethyl)methyl) oxime (compound 5c 3 ); 
5-Acetyl-1-(3-(4-(ethoxycarbonylmethyl)piperazin-1-yl)phenyl)benzimidazole 
oxime (compound 5di); 

5-Acetyl-1-(3-(4-(ethoxycarbonylmethyl)piperidin-1-yl)phenyl)benzimidazole 
O-ethyl oxime (compound 5d 2 ); 

5-Acetyl-1-(3-(1-acetylpiperazin-4-yl)phenyl)benzimidazole O- 
(methoxycarbonyl-(dimethyl)methyl) oxime (compound 5ei); 
5-Acetyl-1 -(3-(1 -acetylpiperazin-4-yl)phenyl)benzirnidazole O- 
(methoxycarbonyl-methyl) oxime (compound 5e 2 ); 
5-Acetyl-1 -(3-(4-morfolinyl)phenyl)benzimidazole O- 
(methoxycarbonylmethyl) oxime (compound 5e 3 ); 
5-AcetyM -(3-(4-(methoxycarbonylmethyl)piperazin-1 - 
yl)phenyl)benzimidazole 0-/-propyl oxime (compound 5fi); 
5-acetyl-1 -(3-(4-(2 l 2-bis(ethoxycarbonyl)ethenyl)piperazin-1 - 
yl)phenyI)benzimidazole O-Z-propyl oxime (compound 5f 2 ); 
5-FormyM -(3-(4-methylpiperazin-1 -yl)phenyI)benzimidazo!e O- 
(methoxycarbonyl-(dimethyl)methyl) oxime (compound 5gi); 
5-Formyl-1-(3-(4-morfolinyl)phenyl)benzimidazole O- 
(methoxycarbonyl)dimethyl)-methyl) oxime (compound 5g 2 ); 
5-(5-lsoxazolyl)-1-(3-(methoxycarbonyl)phenyl)benzimidazole (compound 
6^); 

5-(5-lsoxazolyl)-1-(3-ethoxycarbonyl)phenyl benzimidazole (compound 6a 2 ); 
1 -(3-Ethoxycarbonyl)phenyi-5-phenylbenzimidazole (compound 6b t ); 
5-Phenyl-1-(3-(4-ethoxycartDonylmethyl)piperazin-1-yl)phenyl)benzimidazole 
(compound 6b 2 ); 

5-Phenyl-1 -(3-(2-picolyloxycarbonyl)phenyl)benzimidazole (compound 6b 3 ); 
5-Phenyl-1 -(3-(3-picolyloxycarbonyl)phenyl)benzimidazole (compound 6b 4 ); 
5-Phenyl-1-(3-(1-methyipiperid-3-yloxycarbonyl)phenyl)benzimidazole 
(compound 6b 5 ); 
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5-Phenyl-1-(3-((1-methylpiperid-4-yl)oxycarbonyl)phenyl)benzimidazole 
(compound 6b 6 ); 

5-(3-furanyl)-1 -(3-(ethoxycarbonyl)phenyl)benzimidazole (compound 6C1); 
5-(3-Tetrahydrofuranyl)-1-(3-(ethoxycarbonyl)phenyl)benzimidazole 
(compound 6c 2 ); 

5-(3-Furanyl)-1 -(3-(4-(ethoxycarbonylmethyl)piperazin-1 - 
yI)phenyl)benzimidazole (compound 6c 3 ); 

5-(3-Furanyl)-1-(3-(4-(f-butoxycarbonyl)piperazin-1-yl)phenyl)benzimidazole 
(compound 6c 4 ); 

5-(3-Furanyl)-1-(3-(4-(methoxycarbonylmethyl)piperazin-1- 
yl)phenyl)benzimidazole (compound 6c 5 ); 

5-(3-FuranyI)-1-(3-(4-(2,2-bis(ethoxycarbonyl)ethenyI)piperazin-1-yl)phenyl)- 
benzimidazole (compound 6C6); 

5-(3-Furanyl)-1-(3-(4-(2-(methoxycarbonyl)ethenyl)piperazin-1-yl)phenyl)- 

benzimidazole (compound 6c 7 ); 

5-(3-Furanyl)-1-(3-(2- 

(dimethylamino)ethyloxycarbonyl)phenyl)benzimidazole (compound 6c 8 ); 
S-Acetyl-l-tS^I-methyl-I^.S.e-tetrahydropyrid-S-yOphenyll-benzimidazole 
(compound 7); or 

5-Acetyl-1-[3-(1-methyipiperidin-3-yl)phenyl]-benzimidazole (compound 9); 
or a pharmaceutical^ acceptable salt thereof, or an oxide thereof. 

9. A pharmaceutical composition comprising an effective amount of a chemical 
compound according to any of claims 1-8, or a pharmaceutically acceptable salt 
thereof or an oxide thereof, and a pharmaceutically acceptable excipient, carrier 
or diluent. 

10. The use of a chemical compound according to any of claims 1-8 for the 
preparation of a medicament for the treatment of a disorder or disease of a living 
animal body, including a human, which disorder or disease is responsive to the 
modulation of the GABA A receptor complex of the central nervous system. 
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11. The use of a chemical compound according to any of claims 1-8 for the 
preparation of a medicament for the treatment of a disorder or disease of a living 
animal body, including a human, which disorder or disease is responsive to the 
positive modulation of the GABA A receptor complex of the central nervous 

5 system. 

12. The use of a chemical compound according to any of claims 1-8 for the 
preparation of a medicament for the treatment of a disorder or disease selected 
from anxiety, sleep disorders, anaestesia, memory disorders, epilepsy or any 

10 other convulsive disorder. 

13. A method of treating a disorder or disease of a living animal body, including a 
human, which disorder or disease is responsive to modulation of the GABA A 
receptor complex of the central nervous system, which method comprises 

15 administration of a therapeutically effective amount of a chemical compound 
according to any of claims 1-8. 

14. The method of claim 13, wherein disorder or disease is responsive to modulation 
of the GABAa receptor complex of the central nervous system responsive to 

20 modulation of the GABAa receptor complex of the central nervous system is 
responsive to the positive modulation of the GABA A receptor complex. 

15. The method according to either of claims 13-14, wherein the disorder or disease 
is anxiety, sleep disorders, anaestesia, memory disorders, epilepsy or any other 

25 convulsive disorder. 
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